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Introduction: Prehistoric Societies as 
Evolving Complex Systems 


One of the great challenges of contemporary science is to trace the mix of 
simplicity and complexity, regularity and randomness, order and disorder 
up the ladder from elementary particle physics and cosmology to the realm 
of complex adaptive systems. 


— Murray Gell-Mann (1994:119-120) 


The late Southwestern archaeologist Emil Haury once asked a group of graduate 
students about their interests. When one aspiring archaeologist answered “complex 
societies,” Haury queried, “Do you know of any simple societies?” 2) Human societies 
are by their nature among the most suitable subjects for the study of complexity. 


MNThe preparation of this chapter was funded by the USDA Forest Service, Rocky Mountain 
Forest and Range Experiment Station. For comments on previous versions I am grateful to Linda 
Cordell, George Gumerman, David Kelley, Jane Kelley, Timothy Kohler, Richard Periman, Carol 
Raish, and Bonnie Bagley Tainter. 

(217 am grateful for this anecdote to my colleague Randall McGuire, who related it in a plenary 
address to the 23rd Annual Chacmool Conference at the University of Calgary, November, 1993. 
The theme of the conference was “Debating Complexity.” 


Evolving Complexity & Environ. Risk in Prehistoric Southwest, Eds. J. Tainter, 
& B. B. Tainter, SF! Stud. Sci. Complexity, Vol. XXIV, Addison-Wesley, 1996 1 
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There being nothing simple in human social and cultural behavior, the topic offers 
two general problems that the study of complexity should account for. The first is 
the development of extrasomatic systems of problem solving, including technology, 
social relations, symboling, and language, among our hominid ancestors. These 
are among the constituents of what anthropologists call culture. The second is the 
tendency of human societies to change and vary in complexity, often very rapidly. 
These matters consume much of the attention of archaeologists, and should also 
concern scientists who study complexity across different types of systems. 

This volume reflects the continuing interest of the Santa Fe Institute (SFI) in 
cultural complexity. It contains papers presented in a workshop titled Resource 
Stress, Economic Uncertainty, and Human Response in the Prehistoric South- 
west, held 25-29 February 1992 at the Institute. The conference was planned by 
Linda Cordell, Marcus Feldman, Murray Gell-Mann, George Gumerman, and the 
author. |31 

This workshop was the fourth in a series. The series progressed from analysis 
of specific aspects of Southwestern prehistory, to broad theoretical formulations, 
and back again to specifics. The first conference was an Advanced Seminar held 
at the School of American Research (SAR), Santa Fe, in September 1983 under 
the title Dynamics of Southwestern Prehistory (Cordell and Gumerman 1989a). In 
this conference, Southwestern prehistory was approached from the perspective of 
subregions. Cordell and Gumerman (1989b) introduced the concept of hinge points 
in Southwestern prehistory. These were times of significant, rapid cultural change 
across much of the Southwest, distinguishable from the “background” pattern of 
relative stasis or localized change. The idea may apply to much of world prehistory 
and history, and is reminiscent of the biological concept of punctuated equilibrium 
(Gould and Eldridge 1977). 

The first conference was followed by two more workshops conceived and or- 
ganized by Gumerman and Gell-Mann, and sponsored jointly by SAR and SFT! 
These workshops were intended to be a set, with the first establishing a conceptual 
foundation for the second. In September 1989, SAR held an Advanced Seminar 
titled The Organization and Evolution of Prehistoric Southwestern Society. The 


[3] The workshop was funded by the USDA Forest Service, Rocky Mountain Forest and Range 
Experiment Station. Dr. George Peterson arranged the contractual matters for Rocky Moun- 
tain Station. The workshop participants included Linda Cordell, Pamela Bumstead, Jeffrey Dean, 
Marcus Feldman, Murray Gell-Mann, George Gumerman, Michelle Hegmon, Stuart Kauffman, 
Timothy Kohler, Robert Leonard, Paul Minnis, Margaret Nelson, Robert Preucel, Alison Raut- 
man, Katherine Spielmann, Alan Sullivan III, Christine Szuter, Wolfgang Fikentscher, and Joseph 
Tainter. Andi Sutherland and Patrisia Brunello made our visit to SFI a most enjoyable experience. 
On behalf of all the authors, I am pleased to express appreciation to Ronda Butler-Villa and Della 
Ulibarri for their fine work in preparing the book for publication. 


{4 Murray Gell-Mann’s lifelong interest in archaeology, documented in his recent book (1994), has 
shaped the interest of the Santa Fe Institute and its affiliated scientists in Southwestern societies 
as complex adaptive systems. The two workshops on Southwestern prehistory held at SFI were 
made possible through his interest. 


Introduction 3 


use of the singular form in the final word of the title suggests the concept behind 
both the seminar and the resulting book (Gumerman 1994a). While the Dynam- 
ics of Southwestern Prehistory conference mainly concerned approaches to local 
prehistory, this seminar emphasized evolutionary processes that occurred across 
much of the Southwest. These processes involved environmental and demographic 
stresses, hunter-gatherer land-use patterns, health and disease, aggregation, aban- 
donment, and regional interaction. Gumerman (1994b) and Gumerman and Gell- 
Mann (1994a) introduced the volume with integrating syntheses. 

The SFI workshop under the same title followed in October 1990. In SFI style it 
involved an assortment of scholars from various disciplines, working with archaeol- 
ogists. These scientists had available the papers from the SAR Advanced Seminar, 
position papers drafted for the workshop!*! (Gumerman, Gell-Mann, and Cordell 
1994:9-10), and introductory plenary addresses. Groups of archaeologists and other 
scientists worked on the focus topics for five days, producing a unique volume that 
merits a place in the history of archaeology (Gumerman and Gell-Mann 1994b). 
It is a blend of the perspectives of archaeology, ethnology, computational science, 
evolutionary biology, human physiology, and complexity theory, focused on under- 
standing the evolution of prehistoric Southwestern societies as complex adaptive 
systems. It is the kind of merging of ideas and perspectives that SFI was estab- 
lished to bring about. 

The workshop reported in this volume was a logical sequel to the previous ef- 
forts. The books resulting from the SAR Advanced Seminars and the SFI workshop 
brought together recent and thoughtful theories on the evolution of the prehistoric 
Southwest. In any field, though, the beauty and power of broad syntheses are real- 
ized fully when they help to clarify more specific topics: the devil is always in the 
details. The papers in this volume, taken together, provide a comprehensive view 
of the ways in which prehistoric Southwesterners made decisions and took steps 
to solve some of their everyday problems, and changed thereby the complexity of 
their economies, technologies, societies, and religious institutions. The cumulative 
total of such changes, many of which were reversible only under great hardship, 
comprises the evolution of Southwestern societies from small foraging bands to 
sedentary pueblo communities and regional networks. The strategies and decision 
criteria explored here are the mechanisms by which subsistence agricultural societies 
increase or decrease in complexity. 

This introduction is intended for both archaeologists and other scientists inter- 
ested in complexity. For the latter readers I will try not to plunge the discussion 
into archaeological technicalities. Instead I refer readers to the excellent overviews 
and syntheses to be found in Cordell (1984), Cordell and Gumerman (1989b), 
Gumerman (1994b), Gumerman and Gell-Mann (1994a), and Lekson, Cordell, and 
Gumerman (1994). In the next section I will discuss some topics of significance 


{§]The position papers covered archaeological explanation, historical processes, environmental 
modeling, systems modeling, and environment, demography, and health. 
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in understanding cultural complexity.!§) Cultural complexity is different in some 
respects from complexity in other living systems, and is perhaps more enigmatic. 
The final section describes how the adaptations to risk and stress described in the 
various chapters provide an extensive glimpse into some of the ways that societies 
practicing subsistence economies change in complexity. 


CULTURAL COMPLEXITY 
COMPLEXITY AS TEXT 


As every serious student of the topic knows, complexity can be quite difficult to 
define. While this is a disconcerting state of affairs for the term that identifies an 
entire field of learning, it is not unusual. Fundamental terms throughout science, 
such as species, evolution, culture, or collapse, have proved equally elusive. In the 
face of this problem it is tempting at times to adopt a Supreme Court type of 
concept: we may not be able to define complexity, but we know it when we see 
it. Or at least we think we do. Recently I suggested a know-it-when-you-see-it 
illustration of cultural complexity that is worth presenting here (Tainter 1995b). 

In the foothill country of southwestern Colorado, the U.S. Bureau of Land 
Management maintains a new institution of archaeological research and public in- 
terpretation: the Anasazi Heritage Center. It was built following several seasons 
of research among archaeological sites now inundated by McPhee Reservoir.!*] The 
Center rises behind a small pueblo ruin of the twelfth century A.D., the Dominguez 
Ruin. This ruin has been left uncovered and stabilized so that visitors can see an 
Anasazi ruin near the museum (Figure 1). 

The juxtaposition of the two structures is illustrative. Here is a prehistoric 
pueblo, expediently built, consisting of a few rooms, and once home to a handful 
of people. The structure is small, and the architecture repetitive and predictable. 
Behind it rises a great edifice, many times the size of the little pueblo. It represents 
a small part of our abilities in engineering and materials science. It exists because 
our national government commissioned it to be built, and pays each year for a 
permanent staff, energy to heat and cool the building, and a fleet of vehicles. We 


[6] The perspective offered here is that of an anthropologist concerned with the evolution of cultural 
complexity, and considering that evolution partly in an economic framework. Recognizing the 
advantages of a plurality of views, inherent in SFI’s philosophy, I offer this perspective to augment 
the current discussion, not to displace any part of it. 

(711 am paraphrasing the pronouncement of a learned justice of the court in a 1970s case which 
concerned, in part, attempts to define pornography. 

[8lThe paper by Timothy Kohler and Carla Van West in this volume is an effort that grew out of 
this research. 
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FIGURE 1 The Simple and the Complex: Dominguez Ruin and the Anasazi Heritage 
Center. Dominguez Ruin is in the left foreground. Photograph by J. Fleetman, courtesy 
of Victoria Atkins and the U.S. Department of the Interior, Bureau of Land Management 
and Bureau of Reclamation. 


undertake all this merely to interpret the small pueblo and others like it. Indeed, 
the energy we have spent to excavate these small pueblos, analyze and curate their 
remains, attend scientific conferences, publish interpretations and theories, and tell 
the public what we have learned may well exceed what the prehistoric Puebloans 
themselves consumed in their lives. Amassing and expending such large quantities 
of energy are hallmarks of a complex society (White 1949:363-393). Here, in the 
contrast between the Dominguez Ruin and the Anasazi Heritage Center, is surely a 
clear illustration of the difference between a society that was comparatively simple, 
in an anthropological sense, and one that is much more complex. 

In an earlier study I advanced the following characterization of social complex- 
ity: 


Complexity is generally understood to refer to such things as the size of a so- 
ciety, the number and distinctiveness of its parts, the variety of specialized 
social roles that it incorporates, the number of distinct social personalities 
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present, and the variety of mechanisms for organizing these into a coherent, 
functioning whole. Augmenting any of these dimensions increases the com- 
plexity of a society. Hunter-gatherer societies (by way of illustrating one 
contrast in complexity) contain no more than a few dozen distinct social 
personalities, while modern European censuses recognize 10,000 to 20,000 
unique occupational roles, and industrial societies may contain overall more 
than 1,000,000 different kinds of social personalities [McGuire 1983:115] 
(Tainter 1988:23). 


This characterization is along the lines of ones that other archaeologists have 
adopted (e.g., Plog 1974). It derives from the literature of systems theory (e.g., 
Miller 1965, 1978), to which many archaeologists were exposed in the 1960s and 
1970s. 

Gell-Mann has pointed out that while no objective definition of complexity has 
been found, in both scientific usage and popular discourse what is meant by the 
complexity of a system is essentially the length of the description of its regulari- 
ties (Gell-Mann 1992, 1994; Gumerman and Gell-Mann 1994a). Complexity in this 
sense is not an attribute of a system but of our description of it. Complexity is not 
inherent in the object or system of perception. One hopes, of course, that there 
is (or can be) isomorphism between system complexity and the length of a de- 
scription. Fortunately it does seem that other conceptions of complexity employed 
in archaeology are compatible with Gell-Mann’s approach. In regard to the above 
quotation, for example, a society characterized by fewer parts, less differentiated 
parts, and fewer or simpler integrative mechanisms can certainly be described more 
succinctly than can a society with more of these. Dominguez Ruin can similarly be 
described more briefly than can the Anasazi Heritage Center. At least one anthro- 
pologist anticipated this approach over 40 years ago. Julian Steward pointed out 
the quantitative contrast between the 3,000 to 6,000 cultural elements documented 
by early ethnographers among native peoples of western North America, and the 
more than 500,000 artifact types landed by U.S. forces at Casablanca in World War 
II (1955:81). 

Yet as Gell-Mann points out, even this conception (which we might call com- 
plexity as tert) implies a plethora of difficulties. If complexity inheres only in de- 
scriptions, then it is likely to be context-dependent and subjective (Gell-Mann 
1994:33). Differences in language, and in individual or cultural styles of communi- 
cation, can lead to descriptions of different length being given to the same objective 
phenomenon. In the European intellectual tradition, for example, where the style of 
expository prose is often elliptical (e.g., Spengler 1962; Bourdieu 1984), the length 
of system descriptions may be longer than in other literary traditions. Presum- 
ably, then, comparisons of complexity should be based on the shortest message 
that could describe a system. That requires standardization of terminology and 
language, and equal levels of knowledge and skill among all communicants, things 
that are obviously infeasible. Archaeologists, for example, can hardly agree on a 
lexicon of stone-tool terminology, let alone standard descriptions of social features. 
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In a famous essay, Alfred Kroeber and Clyde Kluckhohn found a notorious level of 
diversity in definitions of the central concept of anthropology: culture (1952). Ar- 
chaeologists cannot agree on the definition of what is an archaeological site (Tainter 
1983). 

Gell-Mann (1992, 1994) has analyzed in detail the idea of complexity as de- 
scription, including such subtleties as crude complexity, algorithmic complexity, 
and lengths of schemata. Since this material is available to readers wishing to ex- 
plore the topic further, I will turn to some implications for archaeology. Despite 
its subjectivity, the notion of complexity as text offers a perspective on archaeolog- 
ical research that practitioners may find useful. Some of the implications of that 
perspective merit brief remarks. 

The apparent complexity of past cultural systems will have much to do with 
standards of fieldwork. It is possible that a Mesopotamian tell excavated poorly (by 
today’s standards) in the nineteenth century could be described more succinctly 
than a pithouse village excavated well today. The urban society that produced 
the tell was undoubtedly more complex. As another example, our description of the 
complexity of a prehistoric land-use system will depend greatly on what we consider 
an archaeological deposit worthy of being recorded (Tainter 1979, 1983; Tainter and 
Lucas 1983). Archaeological data bases that exclude low-density remains or isolated 
artifacts will automatically lead to descriptions of past land uses that are shorter 
than would be appropriate. 

The fact that a more complex society requires a longer description may be re- 
lated in unexpected ways to how archaeologists set their research priorities, how 
they allocate time and other resources, and how they distribute their efforts among 
topics of study. In areas such as the Southwest or the Eastern Woodlands, the 
majority of archaeologists seem attracted to the periods of sedentary agricultural 
villages when populations were highest, cultures were most complex, the greatest 
numbers of sites were produced, and sites were most salient.!9] These periods ac- 
cordingly have the most scientific literature. Fewer archaeologists specialize in either 
the preceding hunting and gathering periods (PaleoIndian and Archaic), or the pe- 
riod after European contact when populations declined. In both cases the cultural 
systems were, for the most part, simpler than in the intermediate periods, and sites 
tend to be fewer in number and less conspicuous. The level of archaeological effort 
that is expended on studying such simpler periods is suitable for cultural systems 
and their archaeological remains that will in the end require shorter descriptions. 
Phrased another way, Puebloan archaeology in the Southwest not only has more 
literature than PaleoIndian, Archaic, or Athabaskan archaeology, it requires more 


[9] Salient archaeological sites are those that display the strongest patterning and that stand out 
most clearly from background noise (Tainter and Plog 1994). The most salient archaeological 
sites in the Southwestern United States are pueblos, and in the Midwest, burial, ceremonial, and 
residential mounds. 
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literature. Whatever the criteria by which archaeologists choose their research in- 
terests, those criteria, at least in these parts of North America, seem to result in a 
distribution of research effort that is serendipitously appropriate.!1 

Although human societies of the last 12,000 years or so have seemed inexorably 
to increase in complexity, this trend is interrupted occasionally by episodes of sim- 
plification. When major simplification occurs over a short period (roughly 50 to 
100 years), it is considered a collapse (Tainter 1988:4). Some authors, citing as- 
pects of cultural continuity across commonly recognized collapses (such as those of 
the Western Roman Empire or the southern Lowland Classic Maya), question the 
concept. Part of this confusion arises from the different meanings assigned to the 
term “collapse” (which, in different contexts, can mean such things as the demise 
of an empire, the consequence of a structural defect in a bridge, or what one does 
at the end of a difficult day). Another part of the confusion, though, arises from 
the fact that few social scientists attempt actually to measure complexity. The idea 
of complexity as text provides both a definition and a measure. By way of illus- 
tration, a colleague recently suggested to me that the complexity of the Roman 
Empire has been exaggerated relative to the complexity of the Germanic kingdoms 
that succeeded it in western Europe. If one considers the volumes of text describing 
these systems, such a notion seems spurious. The literature on the collapse of the 
Roman Empire began six centuries before the event itself (Polybius 1979), and has 
scarcely known an idle period since (Tainter 1988, 1994b). As for the literature on 
Merovingian Gaul or Visigothic Spain, the Dark Ages are called that with good 
reason. While the relative sizes of the literatures on these systems does not prove 
that the Roman Empire was more complex,!!!! it does suggest that a system de- 
scription of Rome requires more intensive scholarly effort than do descriptions of 
early post-Roman societies. It also suggests approaches to resolving the dispute. 

A similar approach can be applied in the Southwest. Were there prehistoric 
Southwestern societies that were more complex than the historic Pueblos? How 
complex was the Chacoan system at A.D. 1050 vs. 1200 (i.e., pre- and post-collapse)? 
How does contemporary Piman society differ in complexity from that of the Ho- 
hokam? While there are no definitive answers to such questions, insight into the 
nature of these issues is gained merely by asking how long a complete description 
of each system would need to be. Even an intuitive response would improve the 
quality of some debates in Southwestern archaeology. 


119] This sub jective impression may seem to be contradicted by the relative paucity of archaeologists 
practicing Euroamerican archaeology in North America. The resolution of this contradiction may 
lie in the fact that Euroamerican culture is already well known through historical] records and our 
everyday experiences. 

Milt is possible that the relative sizes of these literatures reflect scholarly aversion to early Me- 
dieval Europe, but that seems unlikely. 
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DISTINCTIVENESS OF CULTURAL COMPLEXITY 


The post-World War II literature on systems theory and information theory (e.g., 
Weaver 1949; Shannon 1949; Bertalanffy 1968; Gatlin 1972) in some ways antici- 
pated today’s interest in complex adaptive systems. One of the points established 
in this literature is that living systems are characterized by structural and pro- 
cessual regularities (e.g., Miller 1965, 1978). These regularities make it possible to 
generalize about complex adaptive systems. Yet inevitably, there will always be 
specialists who feel that their type of complex adaptive system is unique enough 
to merit special consideration. Anthropologists are certainly no exception to this. 
Notwithstanding this tendency to scientific niche separation, there are indeed as- 
pects of cultural complexity that merit special discussion. The first of these, the 
cost of complexity, may be applicable to all living systems, though not in quite the 
same ways. The second, the meaning of complexity, is, as far as we know, exclusively 
human. 

In the world of complex adaptive systems there is, to use a colloquial expression, 
no free lunch. Complexity always has an energy cost. As the complexity of an 
adaptive system increases, so also does the quantity!!2] of energy needed to create, 
maintain, and replace the system’s components, to support their interactions, and 
to regulate their behavior. Leslie White’s ideas on the relationship of energy capture 
to the evolution of culture (1949:363-393) made it clear that energy and cultural 
complexity are opposite sides of a coin. He once estimated that a cultural system 
activated primarily by human energy can generate only about 1/20 horsepower per 
capita per year (White 1949:369, 1959:41-42). That is, moreover, all the energy 
that such a system requires. In societies today, 1/20 horsepower per capita suffices 
only for a fleeting moment of industrial life. Complexity costs. 

A complex adaptive system, as characterized by Gell-Mann, “...acquires in- 
formation about its environment and its own interaction with that environment, 
condensing those regularities into a kind of ‘schema’ or model, and acting in the real 
world on the basis of that schema” (1994:17). Human cognition and culture clearly 
qualify as complex adaptive systems (although not all anthropologists choose to 
treat them as such). In the evolution of cultures as adaptive systems, complexity 
has been a primary problem-solving tool. There is much literature, including the 
papers in this volume, to show that the risks and stresses that human societies have 
faced have often been resolved by becoming more complex. Whether this has been 
in the realm of technology, economics, settlement, sociopolitical organization, or 
information processing, as human populations have found existing arrangements at 
any time unsuitable, the solution has been to increase complexity in one or more of 
these dimensions (Tainter 1988, 1995a). The development of increasingly complex 
military technology and organization provides a particularly clear example of this 


[12] Requirements for high quality energy may increase as well. For the concept of energy quality 
(the ability of different kinds of energy to support useful work), see Hall, Cleveland, and Kaufmann 
(1992:55-56). 
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(Tainter 1992), but there are others in the areas of subsistence (Boserup 1965; Clark 
and Haswell 1966; Asch, Ford, and Asch 1972; Cohen 1977), sociopolitical organi- 
zation (Tainter 1988, 1994b), and information processing (Machlup 1962; Rescher 
1978, 1980; Rostow 1980; Tainter 1988, 1995a). It is reasonable to suggest that 
the success of humans as a species is attributable not only to large and richly net- 
worked brains, upright posture, and opposable thumbs, but also to the fact that 
these attributes allow cultural systems rapidly to become more complex. 

The development of cultural complexity is an economic process: complexity 
levies costs and yields benefits. No doubt this is true of all complex adaptive sys- 
tems. Every structure and process in an organism, for example, has a metabolic cost. 
Any increase in the complexity of a language imposes steeper learning requirements 
and a greater chance of miscommunication. 

If the development of complexity is an economic process, then the appearance 
of more complex cultural behavior must always imply a benefit/cost calculation. 
Such calculations have rarely been explicit in human history (though people seem 
intuitively to understand the concept), and in hierarchical societies those who ben- 
efit from complexity are often not those who must bear its costs. Nevertheless, the 
benefit /cost ratio to investment in complexity has powerfully influenced cultural 
evolution, and the course of human history (Tainter 1988, 1994a, 1994b). 

The fact that complexity is a benefit /cost equation influences cultural evolution 
in at least two major ways. The first is that the cost of becoming more complex must 
always have tended to inhibit the development of cultural complexity. If people must 
work harder to support complex institutions (Tainter 1994a), why do so unless there 
is a clear need or benefit? This simple point clarifies major riddles in our history. 
For example, it helps us to understand why, although our evolution as a species 
extends over several million years, the most complex societies—states—have existed 
for only about five millennia. There is no latent or inherent tendency to cultural 
complexity, as many authors (and much of the public) have mistakenly assumed. 
Complexity is a problem-solving response. 

The economic nature of cultural complexity influences human history in a sec- 
ond way: investment in increasing complexity can reach the point of diminishing 
returns. Developing costly institutions is suitable as long as there are stable or 
increasing returns to the investment. Ultimately, though, as inexpensive techno- 
logical or organizational solutions are exhausted, increasing complexity reaches the 
point of declining marginal returns. Beyond this point growing more complex yields 
progressively lower benefits per unit of investment (that is, the marginal utility of 
further complexity declines). Complex societies that have reached this point have 
usually had three options: impoverish the support population, acquire new energy 
subsidies to pay for greater complexity (often accomplished in ancient societies 
by expanding territorially), or collapse. These options are not mutually exclusive: 
often the first and second lead ultimately to the third (Tainter 1988). 

The problem of diminishing returns to complexity is well illustrated by the 
development and collapse of the Western Roman Empire. When confronted with 
a military crisis, which happened increasingly over time, Roman Emperors often 
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found the money to respond by debasing the silver currency and seeking ways to 
raise new funds. When military crises became constant in the third century A.D., the 
Emperors doubled the size of the army and increased both the size and complexity of 
the government. To pay for this, masses of worthless coins were produced, supplies 
were commandeered from peasants, and the level of taxation was made even more 
oppressive. Lands and population were surveyed across the empire and assessed 
for taxes. Communities were held corporately liable for any unpaid amounts. As 
overtaxed peasants went hungry or sold their children into slavery, massive fortifi- 
cations were built across the empire, the size of the bureaucracy doubled, provincial 
administration was made more complex, large subsidies in gold were paid to Ger- 
man tribes, and new imperial cities and courts were established. As taxes rose, 
marginal lands were abandoned and population declined: peasants could no longer 
support large families. To avoid now-oppressive civic obligations, the wealthy fled 
from cities to establish self-sufficient rural estates. Ultimately, to escape taxation, 
peasants voluntarily entered into feudal relationships with these land holders. A 
few wealthy families came to own much of the land in the western empire, and 
were able to defy the imperial government. The empire came to sustain itself by 
consuming its capital resources: producing lands and peasant population. Collapse 
was inevitable (Jones 1964, 1974; Tainter 1988, 1994b). The Roman Empire pro- 
vides perhaps history’s best-documented example of how increasing complexity to 
resolve problems leads to higher costs, diminishing returns, alienation of a support 
population, economic weakness, and collapse (Figure 2). 

There is another aspect of cultural complexity that is uniquely human: people 
give meaning to complexity. We assign value to it. People care about how complex 
their lives are, and whether their government is worth the cost. No other complex 
adaptive system has this characteristic. Neither Darwin’s finches, nor chimpanzees, 
nor, so far as we know, any other living system constructs symbols regarding the 
complexity of its behavior. We are the only species that can increase the complexity 
of its behavior, and then wonder if we were right to do so. 

As a simple illustration of this point, consider the meaning of complexity in a 
Chinese banquet. The quantity, diversity, and complexity of the dishes, and how 
they are presented, are used not only to provide calories to the guests, but also 
to convey a variety of cultural meanings. These include the status of the host, the 
importance of the guests, and the significance of the occasion. Of course the use of 
complexity in this way is meaningful largely because the cost of the banquet varies 
with its complexity. 

The power of our ability to give meaning to complexity should never be un- 
derestimated. The difference between an approach that incorporates this fact and 
one that ignores it is at least as great as the difference between Lamarckian 
and Mendelian inheritance. Many aspects of our behavior can be characterized as 
complexity-averse. In science, the Principle of Occam’s Razor has enduring appeal 
because it states clearly that simplicity in explanation is preferable to complexity. 
The so-called “complexity of modern life” is a regular complaint in public discourse. 


12 J. A. Tainter 


B2 


Benefits of Complexity 
S 


Level of Complexity 


FIGURE 2 The Marginal Return to Investment in Complexity (after Tainter 1988:119). 
The area on the curve beyond B1,C1 marks a region of diminishing returns to 
complexity, and associated economic and political problems. At B1,C3 the benefits 

of social and political organization have declined to those available at lower levels of 
complexity and expenditure. For a society in such a condition collapse is imminent. 


Much of the current popular discontent with government stems from the fact that 
government adds complexity to people’s lives, through behavioral regulation and 
increases in the number and diversity of activities in which people must engage. 
So strong is the aversion to hierarchically imposed complexity that politicians in 
our day successfully base their careers on exploiting the discontent it creates, and 
journalists win prizes for exposing it. 

Recently I had an opportunity to observe government-run environmental educa- 
tion projects in traditional villages in southern Mali. These efforts, and the reaction 
to them, exemplified the topics of this chapter: increasing complexity, increasing 
costliness of complexity, giving meaning to complexity, and aversion to complexity. 
The educational endeavors concerned such things as firewood use, soil productiv- 
ity, and gathering honey. The education is done in the context of traditional types 
of village gatherings (although called by government officials) or by professional 
acting troupes (Figure 3). The basic message is that villagers should do things 
to enhance conservation. These include planting trees, and using improved types 
of beehives and stoves. Yet to do these things increases the complexity and costliness 
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FIGURE 3 Exhortations to Complexity: Environmental Education in Southern Mali. 
Photograph by the author. 


of the villagers’ lives. A villager who plants a tree must, when it is mature, obtain 
a government permit to cut it down. This requires money, which is always hard to 
come by, and a trip to the nearest forestry official. To obtain an improved beehive 
the villager must travel to the capital, Bamako, and have still more money. Not sur- 
prisingly, while villagers enjoy the gatherings and listen politely to the conservation 
message, they do not seem to rush to adopt the new technologies. 

Development workers, and indeed most outsiders, would ascribe this to conser- 
vatism. Malians, like all people, are indeed emotionally attached to traditional ways 
of doing things, and change is stressful. Undoubtedly there is some of this in any 
resistance to change. There is another aspect to the matter, though: the traditional 
ways are simpler and less expensive. Even in the absence of emotional attachment, 
this would suffice to explain why new technologies are not embraced. 

Malians give meaning to complexity in daily social relations. At rural markets, 
for example, government officials sit next to cartoonlike billboards that illustrate 
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how the government recommends people manage their lives. (Since Mali has a 
literacy rate of about ten percent, the messages are conveyed through drawings, 
which the government official elaborates upon to anyone who approaches.) One 
billboard exhorts people to conserve their flocks of chickens: sell eggs and keep your 
laying hens. Villagers respond with statements like “Perhaps [the man depicted in 
the drawings] had to sell his chickens to buy medicine for a sick relative.” In this 
answer, the complexity of social relations is employed to deny the government’s 
claim to superior knowledge and to resist the government’s exhortations. In Bamako 
itself, although residents always have rural kin who can supply much of their needs, 
they often deploy the complexity of a “Western” style of living to signify their 
“modernity.” This extends even to how many wives and children a man wishes to 
have.!13] Malians can either adopt or deny complexity to indicate their views of 
Mali’s desired future (Western or traditional) and to claim a place in this social 
order. 

Further complicating the matter is the fact that most of this complexity— 
government instructors, education, new technologies, urban life—is supported by 
funds from extraterritorial donors. As Mali adopts increasing complexity it must in- 
crease its involvement with external financiers, who will seek to channel the nation’s 
policies. In the case of a state like Mali, part of the price of financing complexity is 
still more complexity. 

Cultural complexity thus shows some interesting paradoxes. It is both self- 
reinforcing and self-inhibiting. Complexity reinforces itself through several mecha- 
nisms, such as the following. 


A. As the complexity of one part of a cultural system increases (e.g., technical spe- 
cialization), other parts may also need to become more complex (e.g., economic 
and social integration) (e.g., Olson 1982; Tainter 1988). 


B. Economic development may be needed to pay the cost of higher complexity. 


C. Since complexity may confer military advantages (Tainter 1992), the neighbors 
of a more complex society may need to adapt by increasing their own complexity 
to a similar level. 


In the contrary direction, complexity is inhibited by its cost and by complexity 
aversion. The latter may largely be a function of cost. 


[13] Unfortunately I was not able to talk to Malian women about these matters. Not as many of 
them speak French as do men, and attempts to approach them would have been misunderstood. 
It is interesting, however, that during my first visit (October-November 1992) our translator 
published the first Western-style “women’s magazine” to appear in Mali. Both the publishing and 
the reading of such a magazine signify “modernity,” yet acquiring literacy and the money to buy 
such a magazine adds complexity to people’s lives. 
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The negotiation of these conflicting forces creates tension in evolving complex 
societies.!!4] This tension can be seen in the fact that while we value complex so- 
cieties (calling them “civilizations” in popular discourse), people prefer not to pay 
the cost of complexity, and seek to minimize it in their own lives. Cultural com- 
plexity is qualitatively different from complexity in other kinds of living systems. 
Cultural complexity generates consciousness of itself, and this consciousness in turn 
modifies complexity. Compared to other kinds of systems, we may find that cultural 
complexity is (for a lack of a better term) more complex. 


EVOLVING COMPLEXITY IN PREHISTORIC SOUTHWESTERN 
SOCIETIES 


Cultural evolutioncultural complexity, change in (i.e., changes in cultural complex- 
ity) responds to a number of stimuli. The papers in this volume focus on one of 
these: the need to gain adequate energy from the natural environment. This is the 
topic the workshop participants were charged to address, and they were selected 
for having done significant research on the matter. Other scholars emphasize differ- 
ent stimuli for evolving complexity. The self-reinforcing and self-inhibiting nature 
of cultural complexity have just been discussed. In hierarchical societies, conflict 
between rulers and ruled has much to do with whether complexity changes, and in 
what direction. Complexity may increase from either trade or competition among 
equivalent societies, which Renfrew has labeled “peer polities” (1982, 1986; see also 
Price 1977; Tainter 1988, 1992). These are all valid perspectives, and should be 
components of a general model. In the arid Southwest, though, archaeologists have 
long found strategies of survival a compelling topic. 

In her concluding assessment, Linda Cordell points out that definitions of stress 
or risk are absent from many papers, and operationally defined in others. Margaret 
Nelson is perhaps the most explicit in addressing issues of definition. It is appro- 
priate to consider the matter here. In the context of adaptation to the natural 
environment, I consider stress to be the consequences that arise when the energy 
needs of a human population are not met. The term “energy needs” in this case 
includes the nutrients people must consume, energy for other physical needs (such 
as cooking and heating), and energy required to fund extrasomatic aspects of the 
cultural system (e.g., trade, ceremonies, prestige goods). Risk is the likelihood that 
energy needs will not be met,!15] and can be considered a set of probability distribu- 
tions covering stresses of different durations and degrees of intensity. Short-duration 


{141 1¢ did so in prehistory as well. Alden Hays (1981) has suggested that contacts with Mesoamer- 
icans could have led to factionalism in Puebloan societies. 

[15] Bruce Winterhalder’s conception of risk is along similar lines (1990:67), and is adopted by 
Nelson (this volume). 
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or mild stress is a priori more likely than long-duration or severe stress. Conceived 
this way, there obviously is no simple point at which risk begins or stress sets in. 
Both are continuous distributions, and it is meaningful to talk only of degrees of 
stress and risk. Moreover, a risk that generates stress at one time, but to which the 
cultural system responds, may thereafter cease to be risky. An example would be 
the risk of starvation in a late winter/early spring lean season which is ameliorated 
by the development of storage technologies or exchange ties. 

The papers in this volume cover a variety of topics. The study by Jeffrey Dean is 
fundamental to all of the others. Continuing his work on the effects of low-frequency 
(> 25 years) and high-frequency (< 25 years) environmental fluctuations, he traces 
the distribution of unimodal and bimodal annual precipitation patterns across the 
Southwest. The patterns remain the same for about 1500 years, a period long enough 
for cultural memory no longer to retain techniques for coping with departures from 
the pattern (see Gunn 1994). The distribution breaks down between A.D. 1250 and 
1450, during which time there is no simple geographical pattern. This event came at 
the end of a period of population expansion (Gumerman and Gell-Mann 1994a:20- 
22), and coincides in time with one of the major, unexplained facts of Southwestern 
prehistory: the apparent abandonment of the Four Corners region and large parts 
of the uplands of Arizona and New Mexico. 

Paul Minnis’s paper should also be read as background to those that follow. 
Minnis’s topic concerns responses to food acquisition problems, and the sequence 
in which different responses might be tried. He employs a scheme developed by 
Halstead and O’Shea (1989), who classify responses into mobility, diversification, 
physical storage, and exchange. Minnis suggests that responses that are less costly 
and more reversible will be employed before responses without these qualities. Im- 
portantly, he proposes that social relations provide an effective vehicle for respond- 
ing to the most serious food provisioning problems, but their cost in reciprocal 
obligations is high. 

Katherine Spielmann and Eric Angstadt-Leto consider the consequences of spe- 
cific nutrient deficiencies. Strategies for countering shortfalls in meat include trade, 
turkey husbandry, and the use of plants with some of the nutrients that meat pro- 
vides. Trade in meat is not well documented in most areas. Turkeys did become an 
important source of protein in some times and places. Except for beans, there is no 
evidence for great emphasis on plants with nutrients complementary to those found 
in maize. A lack of adequate animal protein may have been a recurrent source of 
stress on Puebloans. 

Technological change is a primary response to a need for subsistence inten- 
sification. Margaret Nelson provides perhaps the archaeological literature’s best 
description of how technological organization responds to subsistence stress. Possi- 
ble responses include subsistence specialization, diversification, and pooling of risk. 
Designing technology to respond to risk is an appropriate strategy, but has costs. 
For example, designing a projectile point to stay in an animal may cost the point 
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and shaft, or foreshaft. Tool makers have to balance the advantages and disadvan- 
tages of technological designs. An optimal tool form combines attributes that suit 
economic and social strategies. 

Nelson’s paper may be particularly useful to SFI scientists who wish to under- 
stand the archaeological record better. To an untrained eye, the stone tool debris 
on an archaeological site appears bewildering. This paper provides a framework to 
make sense of that variety. 

Alan Sullivan’s paper is a bold attempt to reshape our thinking about pre- 
historic Southwestern subsistence organization. Sullivan challenges the historical 
assumption that the Southwestern environment is innately hostile to humans who 
must make a living from it. He argues to the contrary, that prehistoric Southwest- 
erners were fully capable of manipulating environmental productivity so that they 
would have experienced few gaps in food supply, or even none. Sullivan’s ideas on 
food for the Anasazi provide, one might say, much food for thought. Questions 
about population size and trends, territoriality, and environmental degradation in 
relation to environmental manipulation will be significant topics for future research. 
Sullivan makes the important suggestion that we have misunderstood Puebloan 
subsistence because we have focused our research on locations where food was con- 
sumed (pueblos) rather than locations where it was produced. The latter may be 
small, ephemeral artifact scatters. Many archaeologists overlook the importance of 
these small sites (Tainter 1979, 1983). 

Timothy Kohler and Carla Van West discuss food sharing as the foundation 
for village life. From a donor’s perspective, sharing is attractive when production 
is beyond the point at which the marginal utility of production starts to dimin- 
ish. Kohler and Van West project that pooling will be favorable during periods 
of high mean production coupled with high annual fluctuations in productivity, or 
high spatial variability. Periods of low mean production should discourage produc- 
tion beyond household needs, and encourage defection from pooling networks. In 
general the climatic and archaeological records of their study area in southwestern 
Colorado support the prediction. An unanticipated finding of this study is that high 
population levels also favor sharing. 

It is worth considering this economic model in the context of the points made 
previously, that people assign meaning to complexity. This is especially so in social 
contexts. Sharing has meanings that go beyond calories, including kinship, marriage 
arrangements, exchange of information, and reinforcement of social ties. Hegmon’s 
paper in this volume considers some of these factors. 

Alison Rautman shifts the consideration of sharing from the level of community 
to region. Social interaction within a network provides for sharing of information 
about regional conditions, and a context within which to exchange resources. In 
central New Mexico, she finds, ceramic assemblages suggestive of interaction are 
strongest between areas that experience complementary rainfall distributions, and 
that in prehistory likely experienced different resource productivity patterns. She 
points out that exchanges in such networks cannot be balanced: a partner could 
simply withdraw. Some indebtedness is needed to encourage further participation. 
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Too much asymmetry in exchanges, however, is the stuff of which inequality is 
made. Thus the existence of an exchange system may generate further complexity 
in the social sphere. 

Michelle Hegmon takes note of the fact that from ca. A.D. 400-1300, Anasazi 
reliance on maize did not greatly change, but many other cultural changes took 
place. These changes cannot be understood solely in terms of subsistence, but are 
intelligible in terms of social relations as part of modes of production. Maize is im- 
portant in Puebloan life not only for food but also because people give it meaning: 
it has roles in social and religious life. Other foods can substitute for maize in sub- 
sistence, but not in social or religious contexts. In a simulation of variability and 
risk in Hopi agriculture, Hegmon finds that without sharing, fewer than 50 percent 
of households are likely to survive 20 years. With pooling the survival rate averages 
72 percent, but one household that does poorly can pull down the entire group. 
Restricted sharing (sharing within groups of five households) increases the survival 
rate to 92 percent. This is similar to the strategy the Hopi actually use. Hegmon 
proposes that in the transition from pithouse-to-puebloan architecture, the strategy 
of storing food changed from one that was somewhat public to one that was mostly 
private.!!6] The latter allows for restricted sharing, and is demonstrably beneficial 
to household survival. But it is associated with social inequality. Hegmon’s results 
suggest that restricted sharing and social inequality are beneficial, and might have 
emerged consensually. This is significant: many social theorists assume that in- 
equality is detrimental, and must have emerged through conflict. The debate is as 
old as inequality itself (Tainter 1988:22-38). 

Linda Cordell concludes with an assessment that places the papers in the con- 
text of Southwestern archaeology and the interests of the Santa Fe Institute. She 
suggests that the fourteenth-century abandonment of much of the Southwest ranks 
as one of history’s greatest failures, and as such merits broad scholarly attention. 

The papers in this volume, then, provide a glimpse of how subsistence agricul- 
tural societies function as complex adaptive systems. In each dimension of 
adaptation—whether technology, subsistence, environmental manipulation, or so- 
cial relations—complexity was employed in the prehistoric Southwest as a primary 
strategy to counter risk and ameliorate stress. Undeniably these strategies were 
successful, yet understanding that success is not the end of our research. Once 
cultural complexity exists, its cost and the meanings people give to it make it at 
least partly a thing sui generis. Cultural complexity modifies itself, which renders 
it tantalizing and elusive as a topic of research. The challenges to understanding 
cultural complexity mark it as a subject worthy of the Santa Fe Institute. 

These papers concern prehistory, but in some ways things have not changed. 
Puebloans today use cultural complexity as part of their strategy to maintain cul- 
tural identity in the face of great pressures to assimilate. The connections among 
Puebloan ritual, social relations, community, agriculture, and cosmology form a co- 
herent complex system that enables the Puebloans to resist unwanted change. Now 


116]-This point has previously been made by Linda Cordell (1979:100-101). 


Introduction 19 


as in the past, native Southwesterners employ complexity to survive physically, and 
to survive culturally. 
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Demography, Environment, and Subsistence 
Stress 


INTRODUCTION 


This paper is an attempt to specify aspects of a general framework for conceptu- 
alizing and analyzing the effects of subsistence stress and economic uncertainty on 
societies with subsistence-level agricultural economies. This effort is grounded in 
research on behavioral adaptation and paleoenvironment in the northern South- 
west (Gumerman 1988) and in seminars on Southwestern societies sponsored by 
the School of American Research (SAR) (Gumerman 1994) and the Santa Fe In- 
stitute (SFI) (Gummerman and Gell-Mann 1994). The former produced a provi- 
sional model of behavioral adaptation to environmental variability that attempts to 
(1) develop a coherent conceptual framework for integrating environmental variabil- 
ity, human behavior, and human demography; (2) identify relevant environmental, 
behavioral, and demographic variables; (3) characterize these variables in ways that 
illuminate their relationships; and (4) specify potential adaptive interactions among 
the variables. The SAR seminar developed a regional and topical background for 
this paper and accumulated quantities of relevant demographic and behavioral data. 
The SFI workshop advanced several concepts of great potential explanatory power 
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in the study of cultural evolution in general and Southwestern prehistory in partic- 
ular. Among these ideas are the concept of cultures as complex adaptive systems, 
the relevance of general historical processes to the study of adaptive change (Wills 
et al. 1994), self-organization of complex systems (Kauffman 1991), poised states 
(Bak et al. 1988; Kauffman and Johnson 1992), evolutionary avalanches (Bak et al. 
1988; Kaufman and Johnson 1992), and cultural evolution on rugged and coupled 
fitness landscapes (Kauffman and Johnson 1992; Kauffman and Levin 1987; Kauff- 
man and Weinberger 1989). Determining the specific relevance of these concepts 
to the study of culture change and evolution and operationalizing them for this 
purpose will require much thought and directed research. In the current absence 
of this background, these concepts provide illuminating metaphors for objectifying 
conditions and processes that cause and direct culture change and evolution. Pre- 
historic behavioral adaptation in the Southwest provides an ideal case study for 
applying these ideas in a cultural context. 

The degree to which the above ideas can further understanding of culture 
change and evolution is illuminated by the degree to which Southwestern adap- 
tive behavior conforms to the processual principles that regulate the evolution of 
complex adaptive systems. Langton (Wills et al. 1994) identifies seven such princi- 
ples that can be restated to apply to cultural systems as follows. 


1. The processes involve populations of interacting individuals and social units. 

2. Populations (or societies) behave as units, particularly vis-à-vis one another. 

3. Higher levels of complexity emerge spontaneously, and often abruptly, through 
the specialization of individuals and social units. 

4. Leaps to higher levels of complexity are characterized by greatly increased 
diversity, which subsequently declines as the best adaptive options are selected 
for. 

5. Innovations diffuse within and among populations (societies). 

Evolutionary processes operate on rugged or coupled fitness landscapes. 

7. The operation of these historical processes results in evolution. 


D 


The perspective embodied in these principles has several implications for un- 
derstanding the role of adaptive behavior in cultural evolution. First, as in any 
human cultural situation, we are dealing with complex adaptive systems operating 
within the context of general historical processes. Second, we are dealing with open 
systems in which dynamic fitness landscapes are transformed by both internal and 
external factors. Third, internal systemic relationships continually alter the fitness 
landscape as actors (individuals, societies, populations) adjust to new situations 
and as relationships change to accommodate these adjustments. Among these pro- 
cesses are autocatalytic changes in the fitness of the actors on the landscape and 
the alteration of the fitness landscape itself by changing behavioral relationships. 
Fourth, external variables change fitness landscapes through interchange among the 
actors, demographic factors, and environmental fluctuations. 
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ADAPTATION AND EVOLUTION 


A discourse on adaptation and evolution took place at the workshop, stimulated 
by the presentation by Robert Leonard.!!] Having previously advanced a model 
of Anasazi behavioral “adaptation” (Dean 1988a), I wish to address a few salient 
points relating to “adaptation” and its role in sociocultural evolution. I use adap- 
tation to refer to the integration of behavioral, demographic, and environmental 
variability to help maintain social entities at existing levels of complexity. Relevant 
entities include individuals, households, lineages, clans, moieties, villages, commu- 
nities, tribes, on up to nation-states. Defined as a mechanism by which social units 
are perpetuated and transformed, behavioral adaptation is an important aspect of 
sociocultural change and evolution, although not all behavior is adaptive and not 
all adaptive behavior equals evolution. 

Adaptation is an evolutionary outcome of selection in a Darwinian sense, al- 
though the adjective “natural” is not appropriate in this context. Because sociocul- 
tural elements are more important than biological ones in cultural situations, the 
unmodified term “selection” is used. A major unresolved issue in all applications of 
selection to human behavioral evolution is on what phenomena selection operates 
to produce evolutionary change. Numerous potential operands exist: populations, 
societies, cultures, beliefs, ideologies, organizational configurations, behaviors, ar- 
tifacts, and others. In actual practice, selection can operate on any one or any 
combination of these factors, which makes cultural evolution an extremely complex 
process. For purely practical reasons, I focus on behavior as the target of selec- 
tive agents in the evolution of cultural systems. Behavior subsumes a wide range 
of other factors including artifacts, activities, subsistence practices, social usages, 
and intergroup interactions. Furthermore, behavior has the advantage over many 
less concrete aspects of culture in being archaeologically perceivable. Whatever the 
debate over the study of prehistoric belief systems, ideologies, and cultural norms, 
there can be little argument that the archaeological record is a direct outcome of the 
actual behavior of human beings and can profitably be studied as such. Therefore, 
I focus on the selection of behaviors that enhance the survivability of particular 
groups of people, social units, life styles, belief systems, and, ultimately, cultures. 
Behavior is, of course, subsumed within and an expression of culture. 

Selection, whether natural or cultural, operates on reservoirs of traits that, 
individually or in groups, increase or decrease in frequency as they are differentially 
favored or suppressed by the selective process. Within the context of a behavioral 
approach to cultural evolution, the relevant traits are behaviors that are selected 
for or against depending on their contribution to the survival of groups or cultural 
systems. Such behaviors need not be overtly expressed to be affected; they can be 
latent in the knowledge system of the group to be activated as situations require. 


(The paper by Robert D. Leonard and Alysia L. Abbot, “Theoretical Aspects of Subsistence 
Stress and Cultural Evolution,” is available from the authors (ed.). 


28 J. S. Dean 


Innovation (the invention of new traits or the recombination of existing traits) and 
the borrowing of traits from other groups increases the variability in the reservoir 
of potentially selectable behaviors. The broader and more variable the reservoir, 
the greater the supply of potentially selectable traits, which obviously enhances 
survivability. 

Important aspects of evolution are the ways in which the traits originate and 
are transmitted among the units that comprise adaptive systems. New biological 
traits arise through mutation or other natural processes, while cultural traits can 
be borrowed from other groups, discovered accidentally or purposefully, created by 
altering relationships among existing traits, or invented in response to perceived 
needs. Biological transmission is effected by the genetic inheritance of traits from 
preceding generations. In contrast to the Mendelian inheritance of biology, the 
cultural transmission of traits (behaviors) is Lamarckian in the sense that acquired 
traits can be transferred among various entities. Furthermore, transmission is not 
restricted to direct biological or cultural descendants of the possessors of the traits. 
Rather, cultural elements circulate among the individuals and social units that 
make up a particular society and between different societies. Finally, unactivated 
behavioral elements can be preserved as knowledge (traditions) to be mobilized 
when needed. These aspects of element origin and transmission endow cultural 
systems with a wide range of variability on which selection can operate, and account 
in large measure for the unprecedented adaptability of such systems. 


MODELING SOUTHWESTERN CULTURAL ADAPTATION 


Elsewhere (Dean 1988a), I present a preliminary general model of behavioral adap- 
tation for Anasazi populations in the northern Southwest. The model is an abstract 
construct designed to identify variables that operate in behavioral adaptational sit- 
uations on the Colorado Plateau and to specify dynamic relationships among these 
variables. The model, as formulated, is not intended to be operationalized through 
the control and measurement of individual variables. Operationalization is left to 
studies of specific instances of adaptive behavioral change in which relevant vari- 
ables can be defined, isolated, and measured. The conceptual model was developed 
as a formal mechanism for integrating various kinds of paleoenvironmental and 
archaeological data into the study of human behavioral adaptation and evolution 
on the Colorado Plateau. This approach was taken in the conviction that unless a 
conceptual scheme existed to relate environmental variability to human behavior, 
the effort to identify prehistoric environmental impacts on Southwestern groups 
would degenerate into an inconclusive exercise in pattern matching. Because this 
model has been published (Dean 1988a; Dean et al. 1985; Plog et al. 1988), I only 
summarize and amplify salient points pertinent to resource stress and economic 
uncertainty. 


Demography, Environment, and Subsistence Stress 29 


Three basic premises underlie the model. First, for a population, group, or soci- 
ety to survive and perpetuate itself, its members must be able to make a satisfactory 
living in the environment in which it exists. Second, since the environment varies 
through time and space at rates too high to be accommodated by genetic adap- 
tation, societies (cultures) must possess the behavioral flexibility to accommodate 
these changes. Third, sociocultural evolution occurs when selection causes certain 
behaviors to be emphasized over others and when the integration of the resulting 
changes into behavioral systems creates new adaptive configurations. 

Within the context of the model, adaptation is viewed as proceeding through 
the process of selection. Adaptation is the outcome of both selection for behaviors 
(and other traits) that enhance a society’s fitness and selection against behaviors 
that reduce fitness. Contrary to some misunderstandings of the model, adaptation 
is not viewed as a process involving conscious adjustments to environmental fluc- 
tuations, although such efforts may expand the reservoir of behaviors on which 
selection operates. Thus, the concept of adaptation embodied in the model is com- 
patible with a “selectionist” approach to sociocultural evolution (Dunnell 1980; 
Leonard 1989; Leonard and Jones 1987). 

Adaptation results from the interaction of three major classes of variable (Kirch 
1980): environmental, demographic, and behavioral (Dean 1984, 1988a; Dean et al. 
1985). In order to relate these factors to human adaptation, the model arbitrarily 
partitions the continua of variability within each class into three types—stable, low 
frequency, and high frequency—on the basis of temporal structure. Stable factors 
have not changed appreciably during the time frame of the study; for the purposes 
of this paper, the last 3,000 years. Because these factors have not changed, their 
present states accurately reflect past conditions. Low- and high-frequency factors 
exhibit primary periodicities that, respectively, are greater or less than 25 years, 
the length of a human generation. The relevant periodicities are those of the nat- 
ural processes that control the various factors, and even low-frequency processes 
can cause abrupt environmental changes. Because low- and high-frequency factors 
vary within the study interval, they must be reconstructed by relevant paleoenvi- 
ronmental techniques. 

Stable environmental factors that have changed insignificantly during the last 
3,000 years include bedrock geology, regional hydrology, gross topography, veg- 
etation zonation, and climate type. Low-frequency environmental variables with 
base periodicities greater than or equal to 25 years include the rise and fall of 
alluvial groundwater levels and the deposition and erosion of floodplain sediments 
along drainages (Karlstrom 1988), changes in effective moisture and in the composi- 
tion and elevational boundaries of plant communities (Hevly 1988), and long-term 
trends in climate. High-frequency environmental variables are primarily climatic 
and include precipitation and temperature variability on scales ranging from days 
to decades (Dean 1988b). 

Demographic variables include population size, birth and mortality rates, sex 
composition, age structure, and health. The first two of these have been the focus 
of most studies of prehistoric population variation (Powell 1988). Sheer numbers 
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of people, of course, have major implications for a society’s survival. Many ef- 
fects of population size variability are, however, related to density rather than just 
magnitude. Thus, certain population densities are necessary to support specific or- 
ganizational configurations or to permit or preclude certain adaptive behaviors. 
Conversely, population decimation has numerous important and well-known social 
effects. While sex and age structure and health profiles undoubtedly have crucial 
adaptive consequences, they are inadequately represented archaeologically and con- 
tribute little to general studies of prehistoric cultural evolution. Like environmental 
factors, demographic variables exhibit a range of variation, although long-term sta- 
bility rarely has been achieved, at least in the Southwest (Dean et al. 1994). Popula- 
tion size variability has both low- and high-frequency components. Most population 
curves exhibit long-term trends with periods greater than 25 years as well as more 
rapid fluctuations that fall within the high-frequency range. 

Inherently variable, human behavior exhibits few stable characteristics but does 
have both low- and high-frequency components. Low-frequency processes impart 
great inertia to cultural systems, which accounts for the persistence of general pat- 
terns such as the Puebloan lifeway. Cultural traditions exert a powerful effect on 
behavioral adaptation by contributing functionally and ideologically coherent sets 
of behaviors to the reservoir of traits that are acted on by selection. Internal linkages 
among these elements account for the transmission and selection of assemblages of 
traits rather than single behaviors. High-frequency processes are responsible for be- 
havioral variation within sociocultural configurations perpetuated by low-frequency 
processes. These processes (discovery, innovation, borrowing, modification, and in- 
tegration) produce much of the behavioral variability that endows cultural systems 
with their noted selective flexibility and unparalleled evolutionary potential. 

Selection of alternative behaviors is not unlimited; rather, it is constrained by 
conditions and factors that characterize particular adaptive situations. Existing 
cultural configurations (social structure and organization, religious systems, tech- 
nology, ideology, etc.) influence the range of acceptable behavioral elements and the 
ways in which these elements can be altered, engaged, and integrated into exist- 
ing adaptive situations. Thus, newly acquired or emphasized behaviors usually are 
altered to make them compatible with existing cultural patterns. In addition, envi- 
ronmental and demographic factors set boundaries on the effectiveness of particular 
technological and social adaptive mechanisms. For example, different environments 
provide different potentials for subsistence behavior, while certain population densi- 
ties are necessary to support more complex social organizations. Finally, numerous 
historical factors and events (such as interactions with other groups, warfare, con- 
quest, and colonization) limit appropriate behavioral options. 
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OPERATION OF THE MODEL 


Relationships among environmental, demographic, and behavioral variables are 
specified by a particular concept of carrying capacity: the maximum number of 
people that can be supported by a given subsistence technology under prevailing 
environmental conditions (Hassan 1978:73). Carrying capacity is viewed not as a 
static, measurable limit but as a dynamic boundary that fluctuates with chang- 
ing environmental, population, and cultural conditions. Conceived as a dynamic 
phenomenon, carrying capacity corresponds in some ways to the concept of a cou- 
pled fitness landscape (Kauffman and Johnson 1992) on which variables of different 
types interact in response to selection and systemic processes. Adaptively effective 
changes in the components of any one of the variable classes alter carrying capacity 
relationships and deform fitness landscapes into new configurations with different 
selective potentials. Within this conceptual framework, resource stress and/or eco- 
nomic uncertainty develop when population numbers approach or exceed carrying 
capacity thresholds. When resource stresses occur, adjustments to preserve the ex- 
isting population take place. Since societies of the level of complexity of those in the 
prehistoric Southwest have limited technological capacity purposefully to improve 
the natural environment, many of these adjustments involve the demographic and 
behavioral components of the adaptive situation. |?! 

Figure 1 illustrates ways in which carrying capacity thresholds can be breached 
and some possible responses to these transgressions. The heavy, sinusoidal lines 
and superimposed lighter lines represent, respectively, the basic carrying capacity 
established by environmental fluctuations due to low-frequency natural processes 
and high-frequency oscillations around the fundamental threshold. The medium- 
weight lines represent low-frequency trends in population with high-frequency vari- 
ations indicated by superimposed lighter lines. The rectangles identify “zones of 
interference” in which high-frequency fluctuations in population and environmental 
variability intermittently overlap. Heavy dashed lines indicate changes in carrying 
capacity effected by human behavioral reaction to resource stress. 

Adaptive crises develop when population numbers approach or surpass the 
carrying capacity (Figure 1(a)) or when environmental degradation lowers car- 
rying capacity below the existing population level (Figure 1(b)). In either case, 
high-frequency environmental and demographic fluctuations converge before pop- 
ulation actually intersects the base carrying capacity. Such “interference” signals 
an impending adaptational crisis and could trigger cultural reaction before the 
fundamental carrying capacity actually is breached. If such early warnings fail to 
provoke a response, adaptive behavioral (Figure 1(a)-1(b)) or demographic (Fig- 
ure 1(c)) transformations would follow transgression of the basic threshold. The 
former involve behavioral processes that increase the carrying capacity, while the 


[2] Compare the chapter by Alan Sullivan (this volume). 
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latter include processes that maintain population levels around or below the carry- 
ing capacity. 
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FIGURE 1 Interaction of environmental, demographic, and behavioral variability in the 
Southwestern adaptation model. (a) Growing population breaches the carrying capacity 
threshold determined by low-frequency environmental processes. (b) Environmental 
deterioration lowers the carrying capacity limit below the level of the population. 

(c) Deviation-amplifying (left) and deviation-reducing (right) population responses to 
transgressions of carrying capacity boundaries. The heavy sinusoidal lines represent 
fluctuations in basic carrying capacity caused by low-frequency environmental 
processes; the superimposed light lines represent high-frequency environmental 
oscillations; the medium and superimposed light lines indicate, respectively, low- and 
high-frequency variability in population numbers; the dashed lines represent behavior- 
induced increases in carrying capacity; the rectangles specify “zones of interference” 
between high-frequency environmental and population variability. 
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Population adjustments to resource stress can be either purposeful or imposed. 
Intentional responses include the emigration of part of the population into nearby 
underpopulated areas, the regulation of birth rates, or the activation of extreme 
measures such as infanticide. Any of these actions could produce the deviation- 
amplifying profile (Figure 1(c)), when successive adjustments miss the carrying 
capacity by increasingly large margins (Plog 1986), or a deviation-reducing pro- 
file (Figure 1(c)), when adjustments more closely approximate the limit. Should 
such purposeful demographic responses fail to remedy the situation, involuntary 
population adjustments due to increased mortality rates, decreased birth rates, 
malnutrition, or, in extreme cases, starvation are likely. 

Behavioral responses to resource stress occasioned by the breaching of carrying 
capacity boundaries generally increase the carrying capacity by altering the cultural 
component of the adaptive situation. These adjustments include (1) technological 
fixes that increase production either through the application of more productive 
subsistence methods or through changes in the amount and/or organization of labor 
invested in the production system (Boserup 1965), or (2) sociocultural changes that 
improve the acquisition, accumulation, preservation, and distribution of resources. 
Technological responses include things such as monocropping, increased irrigation, 
and increased individual labor devoted to farming. Sociocultural responses include 
things such as changes in the organization of food production and storage, increased 
centralization of food accumulation and distribution, and expanded trade relation- 
ships. Potentially ameliorative behavioral traits are extracted from the reservoir of 
variability already extant in the culture, are borrowed from other groups, or, on oc- 
casion, are invented in response to the perceived need (Barnett 1953). Through the 
process of selection, behaviors that increase the fitness of the group become more 
frequent relative to others that are less efficacious, thereby creating new behavioral 
adaptations that are fitter than their predecessors. These changes precipitate nu- 
merous internal adjustments in the systemic relationships among individuals and 
social units and ultimately create new cultural configurations that are qualitatively 
and quantitatively different from their predecessors. 

Contrary to some arguments that an adaptive approach to culture change is 
incompatible with a selectionist approach to cultural evolution (Leonard 1989; 
Leonard and Jones 1987), the model outlined here is congruent with selection- 
ist theory because, in both formulations, adaptation is viewed as an outcome of 
selection, be it natural or cultural. This congruity is demonstrated by a quasi- 
hypothetical example from Long House Valley in northeastern Arizona. Dean and 
Lindsay (1978) and Dean et al. (1975, 1978) attribute a major change in settle- 
ment pattern and social organization that occurred between A.D. 1150 and 1250 to 
behavioral adaptation to major resource stress caused by low- and high-frequency 
environmental changes. Figure 2(a) illustrates a serious environmental degrada- 
tion that, around 1150, triggered important changes in agricultural practice that 
were necessary for the population to maintain itself in the valley. These subsistence 
changes transformed the pre-1150 settlement pattern of regular site distribution 
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around the margin of the floodplain (State I in Figure 2(b)) to the post-1250 pat- 
tern of site clusters located in areas of the valley floor that were farmable under 
the post-1150 environmental conditions (State II in Figure 2(b)). This economic 
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FIGURE 2 Schematic example of a selectionist perspective on a prehistoric adaptive 
transformation in Long House Valley, northeastern Arizona. (a) Behavior-induced 
increase in carrying capacity in response to population-resource imbalances caused 
by environmental deterioration around A.D. 1150. (b) Settlement changes between 
1150 (State |) and 1250 (State Il) caused by adaptive responses to resource stress 
(x = habitation site, e = central pueblo). (c) (1) Hypothetical percentage changes in 
agricultural systems caused by the differential selection of practices more suited to 
the State II situation, and (2) adaptive responses in settlement caused by changed 
ecological relationships and social adjustments to aggregation. 
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transformation was accomplished in part by the differential selection of various agri- 
cultural methods so that the State II mix of techniques differed significantly from 
that of the State I mix (Figure 2(c)). Note that the percentages are hypothetical 
and serve only to exemplify the way in which selection operates to create a new 
adaptation to altered circumstances. The redistribution of settlements greatly in- 
creased local population densities and created numerous social problems that had 
not existed when settlements were evenly dispersed. Major organizational changes 
that materially increased the level of social complexity were selected for to resolve 
these problems. Thus, environmentally induced changes in the adaptive situation 
triggered selection processes that, in turn, caused evolutionary changes in the local 
culture. 


PREHISTORIC SOUTHWESTERN DEMOGRAPHY AND 
ENVIRONMENT 


The conceptual model identifies low- and high-frequency fluctuations in demog- 
raphy and the environment as important independent variables and behavior as 
the dependent variable in most adaptive situations. Obviously, if our goal is the 
study of resource stress, we wish to isolate instances with high potential for the 
intersection of the population and environmental curves on either local or regional 
scales of analysis. Low- and high-frequency variations in both human population 
and the environment must be accurately reconstructed before these factors can be 
used to identify circumstances in which selective forces operate to produce adap- 
tational change. Estimating population numbers is one of the most daunting tasks 
that faces archaeology (Powell 1988). For my purposes here, I rely on a synthesis of 
Southwestern population estimates produced by Dean et al. (1994) as part of an in- 
vestigation of the organization and evolution of Southwestern societies undertaken 
by the School of American Research and the Santa Fe Institute. Low-frequency envi- 
ronmental reconstructions are based on alluvial chronostratigraphic, palynological, 
packrat midden, and some dendrochronological studies, while high-frequency en- 
vironmental variability is reconstructed primarily through dendroclimatic analyses 
and some pollen studies (Gumerman 1988). 

Resource stress and economic uncertainty can be studied on regional or lo- 
cal scales. The latter is likely to be the most productive approach because even 
large-scale environmental and population fluctuations have specific local expres- 
sions and consequences and because the scale of Southwestern societies precluded 
coordinated regional-level responses. Nevertheless, regional demographic and envi- 
ronmental characteristics are more appropriate to the general consideration pre- 
sented here. 
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DEMOGRAPHY 


The regional population trend (Dean et al. 1994:Figure 12) resembles a normal 
curve that is skewed somewhat toward the early end, that peaks at 100,000+ in- 
dividuals between A.D. 1000 and 1250, and that tails off to approximately 10,000 
people at A.D. 1600. An apparent growth spurt between A.D. 550 and 650 is due 
more to the greater archaeological visibility of Basketmaker III over earlier mani- 
festations than to a real demographic florescence. A steeper increase after A.D. 800 
is due primarily to growth in the Sonoran Desert and the San Juan Basin. A minor 
downturn in regional population after A.D. 1000 reflects population decrease in the 
San Juan Basin. A steep decline afterA.D. 1250 is partly real and partly due to 
the paucity of archaeological research in areas inhabited after A.D. 1300. Because 
the regional population curve is the sum of many local population estimates, it 
lacks the high variability that characterizes most local sequences. The curve does 
indicate that population probably did not approach the regional carrying capac- 
ity before A.D. 900, although local encroachments of fluctuating carrying capacity 
limits undoubtedly occurred earlier. 

The least variable “local” population curve is that for the Sonoran Desert (Dean 
et al. 1994:Figure 11), which rises fairly rapidly from A.D. 600 to a relatively stable 
peak of around 25,000 people that lasts from about A.D. 1000 to 1250 and falls off 
after 1250. This apparent stability is due to two factors. First, the Hohokam curve is 
a fairly large-scale reconstruction that masks the variability in its local constituents. 
Second, the curve reflects the population stability afforded by irrigation from large, 
through-flowing rivers supplemented by the vegetational bounty of the Sonoran 
Desert. Hohokam population trends provided a fairly stable floor for the regional 
population. 

Populations of the Mogollon Highlands and localities on the Colorado Plateau 
are much more variable than those of either the Desert or the Southwest as a whole. 
The Mogollon curve (Dean et al. 1994:Figure 10) rises steadily to a peak of around 
4000 people in the middle A.D. 900s, then exhibits a series of increasingly large 
fluctuations that resemble the classic deviation-amplifying pattern (Plog 1986), and 
falls to zero between A.D. 1350 and 1450. Because they represent fairly small areas, 
most Colorado Plateau population curves (Dean et al. 1994:Figures 1-9) exhibit 
considerable variation. Two peripheral areas (the Virgin Branch and the Grand 
Canyon) and the Mimbres area have unimodal curves that peak in the middle 1100s, 
while the northern Rio Grande area has a unimodal curve that peaks around 1300. 
Interior Colorado Plateau areas (the Mesa Verde area, the Kayenta heartland, the 
Little Colorado River drainage, the San Juan Basin, and the Cebolleta Mesa area) 
are multimodal with maxima in the eleventh (San Juan Basin), thirteenth (Mesa 
Verde, Kayenta, Cebolleta), and fourteenth (Little Colorado) centuries. These fluc- 
tuations created numerous opportunities for local population-resource imbalances 
(Cordell and Plog 1979) that would have created conditions of resource stress and 
economic uncertainty. 


Demography, Environment, and Subsistence Stress 37 


ENVIRONMENT 


Several aspects of the Southwestern environment fall into the stable category. The 
familiar tripartite division of the region into plateau, mountains, and desert is a 
long-standing feature based on other stable factors such as general climate, el- 
evation, aspect, geology, topography, and vegetation. A single climate type has 
characterized the region since the end of the Pleistocene (Schoenwetter 1962), even 
though considerable spatial and temporal variability exists within the limits of the 
prevailing climatic regime. 

Regional-scale low-frequency variables are more difficult to identify because 
comparable paleoenvironmental reconstructions are not available for all areas. Al- 
luvial chronostratigraphic studies are rare in the mountains and those in the desert 
lack the chronological controls of their northern counterparts. Nevertheless, geo- 
logical studies in the desert (Eddy and Cooley 1983; Sayles 1983; Waters 1986) 
reveal alluvial sequences that are morphologically similar to and roughly contem- 
poraneous with those of the Colorado Plateau (Dean 1987). Until other research 
in the Southwest contradicts these conclusions, it probably is justifiable to project 
the general configuration of the Colorado Plateau alluvial reconstructions into the 
mountains and desert. Palynological studies are more widespread, but differences 
in levels of chronological control and environmental resolution hinder correlation 
and comparison of local pollen sequences. As yet, a regional pollen reconstruction 
has not been synthesized. 

Regional-scale high-frequency variability is even more difficult to isolate be- 
cause long tree-ring chronologies, the principal basis for such reconstructions, are 
not available for the desert. Furthermore, most dendroclimatic reconstructions are, 
by nature, highly localized with little in the way of a regional signal. Attempts 
to derive such a signal by merging ring sequences from across the region reduces 
the variability in the chronologies and damps the climatic signal. Measures of tem- 
poral and spatial variability in dendroclimate are most likely to have large-scale 
implications, but even these are of unknown relevance to the desert. 

Low- and high-frequency environmental variability is much better understood 
on subregional levels of analysis. The low-frequency hydrologic and aggradation- 
degradation curves (Figure 3A,B) represent, respectively, the rise and fall of al- 
luvial groundwater levels and the deposition and erosion of floodplain sediments 
on the plateau (Karlstrom 1988). The effective moisture curve (Figure 3C), de- 
rived from pollen analyses (Hevly 1988), represent low-frequency fluctuations in 
moisture available to plants and conform remarkably well to the hydrologic curve. 
These variables are crucial to agricultural production, especially that derived from 
cultivation on floodplains (Dean 1988a). Rising or high water tables and aggrading 
or undissected floodplains create optimal conditions for groundwater farming that 
is relatively independent of precipitation. In contrast, falling or low water tables 
and degrading or dissected floodplains remove the groundwater from arable sur- 
faces and destroy large areas of alluvial bottomland, thus making agriculture more 
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FIGURE 3 Low- and high-frequency environmental variability in the northern 
Southwest. A. Primary and secondary variations in alluvial groundwater levels. 

B. Deposition and erosion of alluvium. C. Palynologically determined fluctuations in 
effective moisture. D. Decadal variability in relative dendroclimate (hatching indicates 
periods of high temporal variability). E. Spatia! variability in dendroclimate. 


dependent on a less sufficient and more variable source of water, precipitation. En- 
vironmental deterioration of this type creates major resource stress for subsistence 
systems based on floodplain farming, such as those of the eastern Kayenta area, but 
has less impact in areas, such as those around Mesa Verde and Navajo Mountain, 
where upland dry farming predominated. In upland areas, high-frequency precipi- 
tation variability would have been more limiting; however, the alluvial curves may 
reflect other low-frequency processes that affected upland agricultural systems. In 
either situation, low-frequency processes affect the relative emphasis on upland vs. 
lowland agriculture (Plog et al. 1988). 

High-frequency environmental variability is reconstructed through dendrocli- 
matic analyses of a network of 27 climate-sensitive archeological tree-ring chronolo- 
gies that covers the Southwest north of the Gila River (Dean and Robinson 1978). 
Using these data, Dean and Robinson (1977) reconstructed relative variations in 
annual precipitation for the northern Southwest, and Graybill (1989) reconstructed 
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FIGURE 4 Principal components of Southwestern tree growth (climate) for the period 
A.D. 966-1988. 


streamflow for the Salt and Verde Rivers. A recent large-scale reconstruction project 
by Dean, Graybill, and Funkhouser has produced quantitative reconstructions of 
precipitation and Palmer Drought Severity Indices for each of the 27 stations, aug- 
mented the Salt-Verde and Gila Rivers streamflow reconstructions, and developed 
several measures of climatic variability across the station grid. Figure 3D illus- 
trates amplitude and temporal variability in dendroclimate across the northern 
Southwest. Amplitudes are expressed as decadal positive and negative departures 
(in standard deviation units) from the long-term chronology mean and indicate 
periods of above- and below-average precipitation. The time series is character- 
ized by alternating periods of high temporal variability (hatched), when minima 
and maxima alternated rapidly, and low temporal variability (unhatched), when 
the transitions from extreme high and low values were more gradual. The spatial 
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FIGURE 5 Spatial distribution of seasonal precipitation in the Southwest during the last 
century. 


variability curve (Figure 3E) indicates whether climatic conditions differed among 
areas (high variability) or were similar across the region (low variability). 

Dean, Graybill, and Funkhouser used principal components analysis (PCA) of 
the 27 tree-ring chronologies to further characterize climatic variability across the 
region. Analysis of the grid for the common period A.D. 966 to 1988 segregated the 
stations into two significant principal components (Figure 4). PCA 1 loads heavily 
on stations in the northwestern two thirds of the Southwest, while PCA 2 loads 
most heavily on stations in the southeastern third of the region. This long-term 
regional pattern bears a provocative resemblance to the present distribution of 
annual precipitation in the region (Figure 5), which is characterized by a unimodal, 
summer-dominant regime on the southeast and a bimodal, summer-winter regime to 
the northwest, separated by a sinuous transition zone that winds through Arizona 
and New Mexico. The resemblance is strong enough to suggest that the spatial 
distribution of the two dominant principal components represent the persistence of 
the unimodal vs. bimodal precipitation pattern for at least the last millennium. 
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The two components exhibit systematic attribute differences that probably re- 
flect the inferred differences in precipitation regime. The five-year means (Figure 6) 
for PCA 2 (southeast) have higher amplitudes than do those for PCA 1 (north- 
west) except after about A.D. 1820 when PCA 1 amplitudes slightly exceed their 
PCA 2 counterparts. Amplitudes seem to diminish fairly regularly in the southeast 
while remaining comparatively stable in the northwest until 1820, when they in- 
crease abruptly. Five-year mean standard deviations (Figure 7) also differ between 
the two components. The PCA 2 standard deviations exhibit little temporal trend, 
although they do increase in amplitude from early to late. In contrast, the PCA 1 
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FIGURE 6 Five-year averages of mean ring indices for the two main principal 
components of Southwestern tree growth. PCA 1 (top) includes index chronologies 
in the northwestern two-thirds of the region; PCA 2 (bottom) includes stations in the 
southeastern third of the region. 
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standard deviations exhibit greater amplitudes prior to about A.D. 1300 and evince 
a strong positive trend after 1320. These differences are consistent with a stronger 
winter precipitation component in the northwest compared a summer-dominant 
regime in the southeast. 

In order to examine the temporal structure of the long-term patterning, we 
did PCA analyses on the grid for successive 100-year intervals overlapped by 50 
years from A.D. 689 to 1988. Nearly all the intervals produced patterns similar to 
the overall configuration (Figure 8). This outcome demonstrates that the observed 
southeast-northwest duality is a long-term aspect of Southwestern climate that has 
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FIGURE 7 Five-year averages of standard deviations for the two main principal 
components of Southwestern tree growth. PCA 1 (top) and 2 (bottom), respectively, 
represent the northwestern and southeastern sectors of the region. 
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prevailed for the last 1500 years. The picture is quite different, however, for the 
period between about A.D. 1250 and 1450 when the long-term pattern broke down 
into chaotic distributions of three or four principal components that exhibit no 
logical geographic patterning. Figure 9, showing the A.D. 1339-1438 interval, ex- 
emplifies the configurations of this period. Obviously what occurred was a 200-year, 
regional-scale disruption of a climatic pattern that characterized the Southwest for 
the preceding 550 years and the following 550 years. 

The exact climatic meaning of this disruption is not yet clear, but some infer- 
ences regarding its nature can be made. First, the persistence of the southeastern 
component (PCA 2 in other periods) through the A.D. 1250-1450 interval indicates 
that the unimodal, summer-dominant rainfall regime has been stable over the en- 
tire 1500-year period of record. Second, the changes between A.D. 1250 and 1450 are 
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FIGURE 8 Principal components of Southwestern tree growth (climate) for the period 
A.D. 739-838. 
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concentrated in the northwestern area, which suggests that the bimodal precipita- 
tion pattern gave way to a variable mixture of rainfall regimes. Thus it appears 
that most of the disruption took, place in the northwestern subregion and that the 
climatic situation remained relatively unaltered in the southeastern area. 


REGIONAL RESOURCE STRESS AND ECONOMIC 
UNCERTAINTY 


Within the context of the adaptation model, the population and environmental 
reconstructions summarized above can be used to identify instances of regional 
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FIGURE 9 Principai components of Southwestern tree growth (climate) for the period 
A.D. 1339-1438. 


Demography, Environment, and Subsistence Stress 45 


resource stress serious enough to have triggered large-scale adaptive behavioral 
change. Although local populations undoubtedly breached carrying capacity limits 
on many occasions, large-scale adaptive crises of this kind probably did not oc- 
cur until regional populations approached saturation levels, a point probably not 
achieved until the tenth or eleventh centuries. Furthermore, until regional pop- 
ulation saturation was achieved, many local transgressions of carrying capacity 
boundaries could be met through mobility strategies that involved all or part of 
a group moving into sparsely occupied areas, which amounts to transferring an 
existing adaptive configuration to a more suitable location. After about A.D. 900, 
however, when most suitable areas were occupied by burgeoning populations, this 
option became less viable, and transformations of behavioral systems proliferated. 
As a result, regional-scale behavioral responses to resource stress and economic 
uncertainty should not be expected much before 900. 

Because basic carrying capacity levels are established by stable and low- 
frequency environmental factors (Dean 1988a), variation in the latter can be used to 
pinpoint instances of potential adaptive stress. Thus falling and low alluvial water 
tables and active floodplain erosion coupled with high population levels should mark 
periods of greatest resource depletion, through loss of land and water, and therefore 
greatest resource stress, especially for agriculturalists. High-frequency variability 
can exacerbate or alleviate such stress when, for example, below- or above-average 
annual precipitation, low or high spatial variability, or negative or positive tempo- 
ral trends accompany unfavorable low-frequency conditions. Similarly, these factors 
can diminish or enhance beneficial low-frequency conditions, especially when pop- 
ulation approaches carrying capacity. 

Given low regional population, the primary alluvial degradation between 
A.D. 200 and 400 is likely to have had few large-scale consequences as mobility 
allowed populations to alleviate local resource stresses. The high temporal climatic 
variability of that time also is unlikely to have had many large-scale effects. About 
the only major regional development of this period is the widespread appearance of 
agricultural hamlets composed of shallow pithouses and facilities for storing crops 
(Matson 1991; Smiley 1985; Wills 1988). Even with low population, deleterious allu- 
vial conditions may have been partly responsible for this development by reducing 
arable acreage and forcing farmers to concentrate in localities where agriculture 
remained possible. The contraction of suitable farming area would have limited the 
mobility response and elevated local population densities. It is interesting that, on 
the Plateau at least, this “aggregated” settlement pattern virtually disappeared 
after A.D. 400 when improved low-frequency conditions eased the constraints on 
mobility. 

Given markedly increased population, the primary alluvial degradation between 
A.D. 750 and 900 should have had more obvious regional consequences than the 
previous one. Suppressed climatic amplitudes would have mitigated low-frequency 
stress while high temporal and low spatial climatic variability would have intensified 
it. Although numerous local and even subregional developments, such as major 
changes in Kayenta Anasazi settlement pattern and community organization (Dean 
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1970, 1991) and the beginning of the Chacoan regional interaction system (Vivian 
1990), occurred at this time, few major regional developments can be identified, 
perhaps because population had not yet reached a critical level. 

Greatly increased population after A.D. 1000 should amplify the effects even 
of less-severe low-frequency declines, such as the secondary alluvial degradation in 
the middle 1100s. A major drought between 1130 and 1180 coupled with low tem- 
poral variability would have augmented the low-frequency stress. Declining spatial 
climatic variability would have limited regional exchange as a means of offsetting 
local production shortfalls. Resource stress caused by falling carrying capacity and 
increasing population undoubtedly was an important factor in the major cultural 
changes that took place in the middle twelfth century. The Chacoan system ceased 
expanding and former components of this interaction system began to diverge from 
the Chacoan pattern, widespread down-elevation settlement displacements caused 
the depopulation of numerous upland areas, populations began concentrating in 
low-elevation areas with reliable supplies of water, the peripheries of the Anasazi 
area were abandoned as populations contracted back into the core areas, puebloan 
community configurations replaced pithouse villages in the Mogollon Highlands, 
the Mimbres culture waned, and the transition from Sedentary to Classic occurred 
among the Hohokam. The new adaptational relationships created by these changes 
made the societies of the region even more vulnerable to population-resource im- 
balances. 

Even greater resource stress developed after A.D. 1250 when elevated population 
densities caused by settlement responses to the mid-twelfth-century crisis coincided 
with serious low- and high-frequency environmental degradation. Falling alluvial 
water tables and floodplain erosion, severely depressed annual rainfall between A.D. 
1275 and 1300 (the “Great Drought” ), low temporal and spatial climatic variability, 
and the breakdown in the Southwestern precipitation pattern combined to lower 
regional and local carrying capacities at a time when populations had become in- 
creasingly aggregated. This interval was marked by far-reaching demographic and 
sociocultural changes that undoubtedly derive in part from major resource stresses 
and economic uncertainties occasioned by substantial population-resource imbal- 
ances. The San Juan drainage was virtually abandoned as a place of residence for 
agricultural societies as the population shifted south and east into the Little Col- 
orado Valley, the Mogollon Highlands, and the Rio Grande drainage. The rise of 
extremely large communities in these areas was stimulated in part by conditions 
more favorable for agriculture under the altered environmental regime and in part 
by new socioreligious developments, such as the katsina cult (Adams 1991), that at- 
tracted immigrants. The Sonoran Desert saw major changes with the development 
of the Hohokam Civano Phase and the florescence of the Salado pattern. 

The exact role of demographic and environmental variability and of resource 
stress in the major cultural transformations that occurred after A.D. 1250 remain 
uncertain and require additional, focused research. There can be little doubt, how- 
ever, that high population densities coupled with both low- and high-frequency 
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environmental deterioration would have created major population-resource imbal- 
ances that would have to be accommodated for the extant societies to survive. 
The contribution of the disruption in the long-term regional precipitation pattern 
revealed by the principal components analysis to the resource stress of the late 
thirteenth century likewise remains problematical. It is significant, however, that 
the area most severely impacted by this discontinuity, the northwestern sector, is 
the homeland of Anasazi populations who could not have been immune to this 
climatic excursion. The societies of this subregion undoubtedly were well adapted 
to the bimodal precipitation regime that had persisted for at least 550 years. The 
interruption of this strong pattern undoubtedly would have severely altered estab- 
lished adaptive configurations, especially given the relatively high populations of 
the period. That the numerous cultural changes between A.D. 1250 and 1450, which 
included the virtual abandonment of the northwestern sector and large-scale move- 
ment into the climatically more stable southeastern subregion, are in some way 
associated with the disintegration of the regional climatic pattern seems obvious. 
Considerable climatic, dendroclimatic, and archaeological research remains to be 
done in order to specify the dynamics of this situation. 

The reassertion of the “normal” climatic pattern after A.D. 1450 coincided with 
the resumption of groundwater accretion and alluvial deposition, reduced climatic 
amplitudes, high temporal climatic variability, increasing spatial variability, lower 
population levels, and the development of more efficient and sophisticated agri- 
cultural systems. All these factors would have combined to alleviate population- 
resource imbalances, reduce resource stress, and increase economic stability. The 
return to sociocultural stability after 1450, albeit in different areas and highly al- 
tered environmental and cultural circumstances, probably reflects at least in part 
the ameliorating adaptive situation. 

Before the next major low-frequency environmental degradation occurred near 
the end of the nineteenth century, the imposition of European colonialism through 
conquest transformed the adaptive situation by changing intersocietal relationships 
and by upsetting relationships between humans and the natural environment that 
had been achieved through millennia of adaptive evolution. While the late nine- 
teenth century period of falling alluvial water tables, disastrous arroyo cutting, in- 
creased climatic amplitudes, severe drought, low temporal variability, high spatial 
variability, burgeoning regional population, and cultural diversity and stratification 
was an interval of resource stress, the responses to this crisis took place within the 
framework of a modern nation-state that was able to activate resources and pro- 
cesses that far surpassed the boundaries of the Southwest. Many of the technological 
and behavioral adaptational mechanisms that had evolved over the preceding three 
or four millennia were either submerged in the larger system or rendered irrelevant 
by permanently changed cultural-environmental circumstances. 


48 J. S. Dean 


CONCLUSIONS 


The foregoing review of potential instances of resource stress caused by environ- 
mental, demographic, and behavioral variability during the last 2,000 years in the 
American Southwest provides a basis for assessing the relevance of Southwestern 
prehistory to understanding change and evolution in complex adaptive systems, in 
this case cultural systems. This objective is furthered by evaluating the Southwest- 
ern situation against Langton’s seven principles of historical processes. 


1. In the Southwest, the populations of interacting individuals and social units 

affected by these processes span levels of complexity ranging from the simplest 
households to subregional interaction systems such as the Chacoan system of 
the Colorado Plateau, the Hohokam and Salado systems of the Sonoran Desert 
and its borders, and the Casas Grandes system of the Chihuahuan Desert and 
adjacent areas. Adaptive culture change and evolution can profitably be studied 
at all these levels as long as the scale of complexity and the degree to which 
small-scale units are embedded in larger units are rigorously accounted for. 
Horizontal and vertical relationships and interactions within and among these 
units and interactions with external variables affect the evolutionary fitness of 
individual units at all levels of complexity and embeddedness. Ultimately, these 
relationships and transformations are responsible for the survival and evolution 
of societies and cultures. 
The maintenance and evolutionary transformation of social units of varying 
sizes and complexities occurs through the selection of attributes or traits asso- 
ciated with these units. Many of these attributes are behaviors or assemblages 
of linked behaviors involved in human individuals’ and social units’ relation- 
ships with the physical environment, one another, and other groups. Obviously, 
many other cultural phenomena are involved in structuring behavior, in linking 
individual behaviors into coherent systems and subsystems, and in integrating 
new behaviors into existing systems. Among these phenomena are organiza- 
tional principles and relationships, belief systems, ideologies, iconographies, 
and many other tangible and intangible aspects of culture. Nonetheless, be- 
havior is an important aspect, outcome, and expression of nonmaterial aspects 
of culture, is a primary focus of selective evolutionary pressures, and, as the 
preeminent creator of the archaeological record, is observable or inferable from 
the material remains and relationships of that record. Thus, the archaeological 
study of cultural evolution in the Southwest and elsewhere can logically and 
profitably be focused on relevant aspects of past human behavior that can be 
reconstructed from archaeological data. 

2. The dictum that populations (social units) behave as units is true at all lev- 
els of complexity. In certain circumstances individuals behave as units relative 
to other individuals regardless of their culturally prescribed relationships. In 
other situations, these same individuals unite with fellow members of larger 
social units—such as households, lineages, clans, task groups, special-purpose 
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associations, and villages—in contraposition to similarly united groups of ap- 
proximately equal scale. Hierarchically coordinated behavior of this sort con- 
tinues up to the most complex social units such as multivillage communities, 
local amalgamations of such communities, regional interaction systems, tribes, 
confederations, and nations. Fortunately, this type of behavior is archaeologi- 
cally discernible at most levels through the delineation of commonalities and 
boundaries within villages, communities, large-scale interaction networks, and 
regions. The identification of bounded social units allows the study of their 
cooperative, oppositional, and adaptive behavior. 

3. Considerable disagreement exists whether higher levels of social complexity in 
the Southwest emerged spontaneously (that is, within the parameters of exist- 
ing conditions, variations, and relationships) or were wholly or partly stimu- 
lated by outside influences (contacts with other, often “higher” cultures such 
as Mesoamerican states). The undeniable contribution of historical factors to 
particular instances of increased complexity does not exclude the possibility 
of self-generation in other cases of increased complexity or the possibility that 
degrees of self-generation were involved in cases characterized by outside stim- 
uli. That social complexity arose rather rapidly on several occasions and that 
it involved the increasing specialization of individuals and social units is not 
in dispute. Increasing craft and role specialization of individuals and groups is 
manifest in the archaeological record as is the increasing size, differentiation, 
and hierarchy of residential, economic, socioreligious, and political groups (Up- 
ham 1982). Strong evidence for configurational similarities in many escalations 
of social complexity is an interesting aspect of Southwestern prehistory. The 
extent to which the common pattern of spatially discrete communities, each 
comprising a primary supraresidential site surrounded by numerous secondary 
settlements, organized into interaction networks by communications systems is 
an outcome of “universal” principles of cultural evolution, or is regionally spe- 
cific, has important implications for the archaeological study of general cultural 
evolution. 

4. Southwestern archaeology is unclear as to whether leaps in social complexity 
were characterized by initially increased diversity followed by increased unifor- 
mity. This indeterminance probably results from two factors: (i) the archaeolog- 
ical record has not been systematically examined for evidence of such changes 
in diversity, and (ii) the changes often may be so rapid as to leave few ar- 
chaeological traces. In some instances of increased complexity, such as that of 
the thirteenth century in the Kayenta area, enhanced diversity (in both subsis- 
tence activities and settlement) may have preceded rather than accompanied 
attainment of the more complex Tsegi Phase configuration (Dean 1970, 1995a, 
1995b). The strong Tsegi Phase pattern, in fact, may be a consequence of the 
reduction in variance associated with the selection of the most effective adap- 
tive options. In any case, the Southwest, with its excellent preservation and 
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high-resolution temporal controls, should be an ideal venue for the archaeolog- 
ical investigation of the relationships between diversity and increased cultural 
complexity. 

High-quality archaeological and chronological data sustain numerous demon- 
strations of the extensive circulation of innovations (discoveries, inventions, 
or borrowings), both material and nonmaterial, within and among prehistoric 
Southwestern societies. Thus, Southwestern archaeology illuminates the role of 
this principle in the evolution of cultural systems and should be ideally suited 
for elucidating the operation of this principle on both local and regional levels 
of analysis. 


. The approach to the study of sociocultural change and evolution embodied in 


the model of behavioral adaptation outlined above affirms that the evolution 
of Southwestern societies involved evolutionary processes operating on coupled 
fitness landscapes. The dynamic concept of carrying capacity integrates en- 
vironmental, demographic, and behavioral variables in a manner that closely 
resembles the concept of coupled fitness landscapes in which changes in any as- 
pect of the adaptive system alter relationships among all the components and 
reconfigure the landscape itself. The internal and external dynamics of these 
fluid situations provide fertile ground for the adaptive evolution of sociocultural 
systems. 

The coupling of units on fitness landscapes to the extent that changes in the 
fitness of one unit alter the relative fitness of all other such units may provide 
a fruitful perspective on large-scale aspects of Southwestern prehistory. For 
example, this approach could provide a theoretical framework for understand- 
ing how the development of the Chacoan regional interaction system affected 
contemporaneous societies by altering the fitness landscape. Similarly, the idea 
that units of coupled fitness landscapes evolve at different and fluctuating rates, 
some changing while others remain “frozen” (Kauffman and Johnson 1992:344- 
346), could help explain the differential levels of societal complexity manifest 
across the region at any point in time. Finally, the concept of poised states 
may illuminate aspects of Southwestern prehistory. The ideas that ecosystems 
(including human behavioral components) exist in states ranging from chaos 
(“gas”) to equilibrium (“solid”), that the transition phase (“liquid”) from gas 
to solid is fraught with potential for evolutionary changes, and that minor per- 
turbations at the liquid phase can cause evolutionary “avalanches” that prop- 
agate throughout the system (Kauffman and Johnson 1992:350-357), probably 
can help explain the simultaneous episodes of culture change that occurred at 
several times across the Southwest. Societies whose populations have breached 
carrying capacity limits are particularly vulnerable to even minor perturbations 
in any component of the adaptive system and may be said to exist in poised 
states. The widespread occurrence of behavioral changes throughout the region 
during such periods of resource stress may be cultural instances of evolutionary 
avalanches. 
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7. In the Southwest, as elsewhere, the operation of the historical principles drives 
sociocultural evolution, and the richness of the Southwestern archaeological 
and paleoenvironmental records allows the study of these processes in unprece- 
dented detail. 


In conclusion, human behavior in the southwestern United States during the 
last 2,000 years is amply suited for rigorous investigations of the details and pro- 
cesses of sociocultural evolution. Informed by theories relating the evolution of 
complex adaptive systems to a wide range of intrinsic and extrinsic variables and 
processes, investigators can use Southwestern archaeological data to evaluate hy- 
potheses relating sociocultural change and evolution to various environmental, de- 
mographic, behavioral, and historical factors. An important aspect of this effort 
is the identification of critical points at which circumstances combined to produce 
situations with high potential for adaptive change. Chief among these are situa- 
tions characterized by resource stress and/or economic uncertainty, both of which 
disrupt ecological and social relationships that had been achieved by previous adap- 
tive adjustments. Within the parameters of the adaptational model, data on past 
environmental, demographic, and behavioral variability can be used to specify po- 
tentially critical points characterized by resource stress and economic uncertainty. 
Archaeological data may then be marshalled to investigate the responses to these 
stresses and the changes the responses effected in the cultures involved. Given the 
high quality of the archaeological data, the exceptional paleoenvironmental record, 
and the outstanding chronological controls, the Southwest is an ideal locus for inves- 
tigating adaptive behavioral change over long time periods and using such studies 
to elucidate the evolution of complex adaptive systems. 
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Notes on Economic Uncertainty and Human 
Behavior in the Prehistoric North American 
Southwest 


INTRODUCTION 


All human populations have faced problems of economic uncertainty, and all have 
developed a range of ingenious behaviors to reduce risk. Here I focus upon food pro- 
visioning problems as an important nexus of uncertainty and risk in the prehistoric 
North American Southwest. The archaeological study of such responses has value 
for explaining prehistory, among other uses. We can build more accurate models 
and theories of human behavior under food shortages, especially long-term cultural 
changes best observed through the archaeological record. 

Despite a number of reasonably sophisticated studies exploring the relation- 
ships between environmental variability and prehistoric human behavior in the 
North American Southwest (e.g., Dean et al. 1985; Euler et al. 1979; Gerald 1976; 
Gumerman 1988; Minnis 1985a; Rautman 1990; Reid 1978; Spielmann 1982), there 
seems a widespread fatigue with the analysis of prehistoric environmental variation 
in human prehistory. Reid (1978:195) noted that, “there is a nagging uneasiness 
these days that archaeologists everywhere, and especially in the North American 
Southwest, have been too quick to clutch at environmental variability as the causal 
agent responsible for variability in culture and behavior.” All too often a period 
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of unusual environmental variability is used by itself to explain a concurrent cul- 
tural change. A simple correlation between environment and culture, however, is an 
insufficient explanation. On the other hand, southwestern archaeologists would be 
foolish to assume that environmental fluctuations were irrelevant to prehistoric com- 
munities. In order to develop better models of the relationships between prehistoric 
behavior and economic uncertainty, we need to pay closer attention to the types of 
cultural responses to environmental change documented in the ethnographic record. 
What do people do when faced with significant environmental fluctuation? Further- 
more and more importantly, there may be an ordered sequence of responses that, if 
documented in the archaeological record, increases confidence in our interpretation 
of the past. 

With this in mind, I will first review various responses to food acquisition 
problems. Following this will be a discussion of how responses are related to each 
other, and I will propose that the use of these strategies is patterned in a sequential 
order. Then I discuss the relationships between food scarcity and sociocultural 
change, providing what may be a counterintuitive view that all responses, not just 
the most severe responses, can contribute to social and cultural change. 

Archaeological study of prehistoric economic strategies in general and responses 
to resource stress in particular is useful to more than archaeologists; it can also have 
a more practical value. What appear to southwestern archaeologists as simple de- 
scriptions of risk-reduction strategies can be enormously valuable to those working 
to understand and implement food relief efforts. People involved in largely subsis- 
tence economies throughout the world are experiencing serious food provisioning 
problems, and there is little reason to expect that these problems will abate; in 
fact, they are likely to become even worse. Sustainable agriculture in many ar- 
eas remains an elusive goal. Not only are populations increasing in many areas of 
the world, but economic relationships and natural environments are deteriorating. 
Novel productive strategies are needed, and, fortunately, the past can be a source 
of innovation. A multitude of risk-avoidance strategies developed by human pop- 
ulations is discernible only or largely through the archaeological record, including 
in the North American Southwest. The cultural and environmental diversity of the 
prehistoric North American Southwest was greater than the region’s ethnographic 
and historic diversity, and therefore should offer more examples of responses to food 
provisioning problems. Novel responses, such as unique drought-resistant agricul- 
tural technology and crops, documented archaeologically could well provide models 
for modern development and disaster relief efforts. 

One example will suffice to illustrate this point. At least one species of cul- 
tivated century plant (Agave) with the associated technology of production and 
processing has been noted at several locations in central Arizona (Fish et al. 1985). 
This discovery documents a previously unknown agricultural complex that has stim- 
ulated research by agronomists. Many arid regions, including the North American 
Southwest, are having increasing problems of water availability for agriculture due 
to decreased groundwater reserves, decreased water quality, more water compe- 
tition between rural and urban populations, and overallocation of surface water. 
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Under such circumstances, knowledge of how prehistoric farmers coped with low 
precipitation may become increasingly useful. 

Low precipitation was a major factor in prehistoric human ecology in the North 
American Southwest. There are four reasons to focus on food shortages caused by 
low precipitation. First, ethnohistorical documentation shows that low precipita- 
tion has been the major cause of low crop yields in parts of the North American 
Southwest (Stephens 1936:1940). Records of historic dry farming have reported 
poor to disastrous yield as frequently as 20 to 30 percent of the years (e.g., Stanton 
et al. 1932). Low moisture is the primary limiting factor of agricultural produc- 
tion in many other semiarid regions, such as Mexico (Kirkby 1973, 1978), Greece 
(Forbes 1989), India (e.g., Marten and Saltman 1986), and Africa (Akong’a 1988; 
Horowitz 1976; McLoughlin 1970). Second, the importance of drought should not 
surprise us given that much of the inhabitable North American Southwest has an 
arid to semi-arid climate. As a general rule, precipitation variation is greater under 
low moisture regimes than in wetter climates (e.g., Tuan et al. 1973). Third, low 
precipitation also affects the abundance and availability of noncultivated foods, an 
especially important source of sustenance during food shortages. Biological produc- 
tivity, measured for example by net primary productivity, is strongly and nearly 
linearly correlated with precipitation in semiarid to arid environments (e.g., Noy- 
Meir 1985). Fourth, we are fortunate to have the best prehistoric precipitation and 
paleoenvironmental data anywhere in the world. We also possess some of the most 
reliable and precise archaeological data available. 

The fact that I emphasize low precipitation does not mean that other factors, 
both environmental and social/cultural, do not cause low food availability. Food 
scarcity can easily be the consequence of a variety of factors such as conflict. Nor 
am I arguing that food shortages are not interdependent and interactive with other 
variables. For example, hunger seasons in arid to semiarid temperate regions, such 
as the North American Southwest, tend to be rather benign for human cultures and 
populations, although at times not so for individuals. In humid tropical regions, in 
contrast, hunger seasons tend to co-occur with the period of heaviest disease load. 
This difference alters relationships among the availability and allocation of labor, 
subsistence, and dietary requirements. 


RESPONSE TYPES 


There are numerous individual responses to food scarcity (also called buffering 
mechanisms, coping strategies, etc.). Unfortunately, most ethnographic and his- 
torical examples of community responses to food shortages are anecdotal; that is, 
the ecological and cultural contexts within which these actions occur are rarely 
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presented. Nor are descriptions of the relationships among different strategies doc- 
umented. Therefore, I will discuss individual response types. Here I will largely 
ignore physiological actions and concentrate on human behavior. 

Numerous behavioral responses have been described, and a variety of classifi- 
cations of responses has been proposed. Colson (1980:21), for example, enumerated 
five of what she called “devices”: 


(1) diversification of activities rather than specialization or reliance on a 
few plants or animals, (2) storage of foodstuffs, (3) storage and transmission 
of information on what we can call famine foods, (4) conversion of surplus 
into durable valuables which could be stored and traded for food in an 
emergency, and (5) cultivation of social relationships to allow one to tap 
resources of other regions. 


More recently, Halstead and O’Shea classified coping strategies into four more 
inclusive categories. These are: mobility, diversification, physical storage, and ex- 
change that “exploit[s] favourable aspects of temporal and spatial structure of vari- 
ability to mitigate the risk of scarcity” (1989:34). These categories clearly overlap 
with Colson’s, with the exception of mobility, which Colson did not include. I will 
summarize categories using Halstead and O’Shea’s classification while discussing 
some specific responses that they do not consider. 


MOBILITY 


Mobility is a set of strategies that increases the spatial resource base. The geograph- 
ical scale of mobility is determined as much by the social landscape as by the natural 
environment. Clearly the effectiveness of mobility is to a degree dependent on pop- 
ulation density. Under low population densities relative to the regional resource 
structure, this strategy is quite effective. In fact it should be the response of choice. 
With increasing population densities, especially accompanied with strengthened 
rules of land tenure, access to distant terrestrial (as opposed to marine) resources 
may require establishment of economic/social relationships with distant groups, or 
alternatively simple brute force, to maintain access to these resources. 

The relationships among population density, the resource structure, and mobil- 
ity can be quite complex and are not simply a density-dependent process. Although 
tempting to posit, movement under economic uncertainty is not always from high- 
population-density areas to low-population-density areas. The Enga, a group of 
communities totaling 150,000 people in highland Papua New Guinea, provide a 
telling example. The Fringe Enga (Waddell 1972, 1975) are upland farmers whose 
agriculture is extremely susceptible to the effects of frost, and they have developed 
several ingenious farming tactics to minimize frost damage. The related Valley Enga 
live in more densely packed lowland valleys, and their economic production is more 
stable. Waddell noted that one of the major responses by the Fringe Enga to a 
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devastating frost in 1972 (as well as during two earlier periods of agricultural fail- 
ure remembered by informants) was for a significant portion of the population to 
migrate to Valley Enga communities for at least several years, and for some, in- 
definitely. Phrased in the crudest terms, population movement was from low- to 
high-density areas. This demographic movement into already crowded regions was 
not passive but rather was encouraged; “...in effect, individual groups among the 
Central Enga actively solicit immigrants in spite of the fact that overall densi- 
ties and pressures on resources are high compared with the fringe areas” (Waddell 
1975:267). People were needed to maintain Valley Enga populations in the face of 
intergroup conflict and other social processes. 

One issue related to mobility as a response to food acquisition problems is the 
effects of human exploitation on outlying regions. What are the ecological effects 
of intermediate to dense populations on large underexploited and weakly claimed 
territory (often called buffer zones). Does the much touted “tragedy of the com- 
mons” (Hardin 1968; Hardin and Badens 1977; McCay and Acheson 1987) occur 
under these circumstances with the resulting environmental deterioration of the 
outlying resource zones? Was Aristotle correct when he stated, “that. which is com- 
mon to the greatest number has the least care bestowed upon it”? (cited in McCay 
and Acheson 1987:2). Is the supposed environmental neglect of the underclaimed 
or commonly claimed territory intensified during food scarcity through such pro- 
cesses as overhunting or overharvesting? This topic, and the more general topic of 
anthropogenic environmental change, have been largely ignored by southwestern 
archaeologists. 


TYPES OF DIVERSIFICATION 


Diversification includes a wide range of strategies. The logic of diversity as a risk- 
reduction strategy is quite clear to us; our folk wisdom admonishes us “not to put 
all our eggs in one basket.” Here I will break diversification down into three types: 
(1) polyculture, (2) multiple field locations/production technology, and (3) low- 
preference foods. 


POLYCULTURE. One of the most common strategies for reducing risk is growing a 
large range of crops and cultivars. This approach is usually linked to the second type 
of diversification, multiple farming techniques and multiple field locations. Polycul- 
ture was practiced in the prehistoric and historic North American Southwest. The 
large number of significant Mesoamerican crops that were ultimately grown in the 
prehistoric North American Southwest and the rapid addition of many Eurasian 
crops after European contact attest to the receptivity of southwestern farmers to 
the incorporation of new cultigens and broadening their crop base (Ford 1981). 
There may well have been regional differences in crop diversity within the pre- 
historic North American Southwest. Crop assemblages on the Colorado Plateau and 
perhaps in the Mogollon areas appear to have been less diverse than elsewhere in 
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the prehistoric North American Southwest (Ford 1981). Some Sonoran Desert and 
Transitional Zone (the mountainous zone between the Sonoran desert and the Col- 
orado Plateau/Mogollon Highlands) populations, and perhaps groups in northern 
Mexico, seem to have had a greater range of crops. It is quite conceivable that low 
crop diversity on the Colorado Plateau increased vulnerability to low precipitation, 
compared to some other archaeological regions in the North American Southwest 
(as well as the Midwest and Southeast of North America, and even Mesoamerica). 


MULTIPLE FIELD LOCATIONS/PRODUCTION TECHNOLOGY. It is very common for 
agriculturalists, including those in the North American Southwest, to cultivate 
many fields, often in different microenvironmental settings and using different agri- 
cultural technology, each of which might be susceptible to different risk factors or 
which might have different probabilities of risk. Among other things this spreads 
spatial risk: a factor affecting the yield of crops in one location may not affect crops 
in other locations. Hopi agriculture is a reasonably well-documented example from 
the North American Southwest (Bradfield 1971; Whiting 1939). 

One problem with multiple field locations is increased logistical costs. I do not 
know what a calculation of the logistical costs of multiple field locations would 
have been in the prehistoric North American Southwest, although one could recal- 
culate Lightfoot’s (1979) figures of energetic efficiency of food transportation to get 
an idea of logistical costs. McCloskey (1976) estimated that the cost of multiple 
field locations in the English common field agriculture system prior to 1700 was 
on the order of a 10% drop in production efficiency. Furthermore, field scatter- 
ing can require land tenure over large areas, with possible increase in conflict over 
territoriality with other groups. 


LOW-PREFERENCE FOOD/ALTERNATIVE FOODS/FAMINE FOODS. Perhaps one of 
the most common, least understood, and least appreciated coping strategies is the 
use of alternative foods, usually low-preference foods that would not otherwise be 
consumed. One case illustrated what I believe to be the largest number of famine 
foods used, even though such foods are often ignored in the ethnobiological litera- 
ture. The “Chiu-Huang Pen-ts’ao,” published in 1559, lists 414 plant famine foods 
recorded for Hunan, China, alone (Read 1946). The study of famine food use in 
the North American Southwest provides clues to changing subsistence activities 
(Minnis 1991). 

The use of famine foods is a complex phenomenon involving a multitude of both 
biological and cultural factors. Famine food can include agricultural by-products not 
normally consumed, seed stock, and resources used only when more preferred foods 
are unavailable, either as seasonal hunger plants or only during famines. The status 
of a resource as a famine food is not based solely on its biology and biochemical 
profile, but also involves a range of social, cultural, political, and economic factors. 

In light of the hundreds of useful plants recorded in the ethnobotanical literature 
of the Desert Borderlands, relatively few famine foods are known. I document about 
forty (see Minnis 1991:Table 1). Undoubtedly there are many unreported resources 
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which have been used as famine foods by the indigenous populations in the region, 
and it is quite likely that much of the knowledge of traditional famine foods has 
been lost since European contact and before intensive ethnographic documentation 
began around one hundred years ago. 

An additional dimension may also be an important reason for the few famine 
foods recorded. By the time ethnographers recorded the ethnobotany of most native 
peoples in the area, many of these peoples had dramatically altered their subsis- 
tence base. Such changes included the introduction of new crops, new agricultural 
technology, animal husbandry, increased sedentism, and substantial involvement 
in market economies. I suggest that traditionally important foods had been rele- 
gated to less frequent use. This conclusion is based on a comparison of prehistoric 
foods common in coprolites from the northern North American Southwest with 
ethnographically documented famine foods, especially those recorded for the Hopi 
(Minnis 1991). Some of these traditional wild food plants then became potential 
famine foods. In short, the introduction of a new set of resources caused a resorting 
of general food preference patterns, with some newly acquired plants replacing some 
former foods and the latter in turn becoming less commonly used. Previous famine 
foods were thus replaced by what were once more common foods. The knowledge of 
the “original” famine foods may have been completely lost. Specifically, many of the 
famine foods recorded for modern groups in the Desert Borderlands may well have 
been seasonal hunger foods in the past. Robbins, Harrington, and Freire-Marreco, 
for example, obliquely narrate this shift for the Tewa of San Juan Pueblo, 


But nowadays, although wild berries and nuts are still gathered in autumn 
and green weeds are eagerly sought and eaten in the spring, there is a 
very general and increasing neglect of all but the most common and best- 
liked. Formerly it was a matter of necessity that the housewife should know 
them and store them; for although in normal years they were merely a 
pleasant addition to the diet, yet drought, flood, fire, or a hostile raid 
might destroy the crops at any time, thus making the wild products an 
indispensable resource (Robbins, Harrington, and Freire-Marreco 1916:76; 
emphasis added). 


How is this infrequently used and specialized knowledge of famine foods main- 
tained within the pool of knowledge shared by a group? The simple observation of 
behavior is effective for learning about common foods, including foods used during 
yearly hunger seasons, but it could well be ineffective for infrequently used foods, if 
severe shortages are less frequent than once per generation. If so, then other mech- 
anisms of learning may be particularly important for famine food use. As many 
have pointed out, myths, legends, rituals, and stories about previous food short- 
ages are critical for transmitting knowledge of famine food use (e.g., Colson 1980; 
Cove 1978; Galt and Galt 1979; Marcus 1982; Reining 1970; Roys 1967). Thus, oral 
tradition may be especially important in perpetuating knowledge of famine foods. 
Special attention should focus on women’s knowledge, because they seem to have 
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the greatest familiarity with famine foods (Ali 1984). Yet, the role of male secu- 
lar and ritual knowledge of plant foods cannot be ignored, as will be seen in the 
following Zuni example. 

A Zuni example documents how ritual knowledge can perpetuate information 
for successful coping strategies. Bunzel has provided a translation of Sayataca’s 
night chant. In this prayer, a range of edible plants is enumerated after mention of 
cultigens: 


...and then the seeds of the piñon tree, the seeds of the juniper tree, the 
seeds of the oak tree, the seeds of the peach tree, the seeds of the black 
wood shrub, the seeds of the first flowering shrub, the seeds of the kapuli 
shrub, the seeds of the large yucca, the seeds of the branched yucca, the 
seeds of the brown cactus, the seeds of the small cactus, and then also the 
seeds of the wild grasses—the evil smelling weeds, the little grass, tecukta, 
kucutsi, o’co, apitalu, sutoka, mololoka, piculiya, small piculiya, hamato, 
mitaliko, and then also the seeds of those that stand in their doorways, 
namely the cat-tail, the tall flags, the water weeds, the water cress, the 
round-leafed weed... (Bunzel 1932:714). 


R. Ford (1988) points out that seeds of these native edible plants are a part 
of some Zuni ritual paraphernalia. These plants must be collected each year, and 
this maintains the knowledge of the use of native plants and collection locations of 
various foodstuffs which might otherwise be ignored. 

Clearly, use of alternative foods was an important response to food shortages 
by prehistoric peoples in the North American Southwest, yet it is more difficult to 
study than one might first believe. One archaeological implication of this study (and 
of course assuming that my arguments are correct) is the need for judicious use of 
ethnobotanical data available in the ethnographic record. While similar plants are 
represented in the archaeological and ethnohistorical periods, their structural role 
in subsistence may well have been different. 


PHYSICAL STORAGE/SURPLUS PRODUCTION 


Storage is one of the most widespread and effective strategies for reducing the 
effects of short-term food scarcity. It requires the production of surpluses that 
reduce temporal variation and to a lesser degree spatial variation in food production. 
There is a great deal of research on prehistoric storage, and other chapters in 
this volume will deal with storage in greater detail. However, one point should 
be emphasized. Storage need not be limited to commodities directly consumed. 
As Colson (1980) and many others have discussed, surplus can be converted into 
durable goods (and livestock in the Old World) that can be reconverted (“sold”) 
into foodstuffs, although the exchange value can be reduced significantly. 
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EXCHANGE/SOCIAL INTERACTION 


The importance of social networks as a coping strategy for human populations 
has been recognized through a number of theoretical approaches (e.g., economic 
anthropology [Colson 1980]; ecological anthropology [Rappoport 1979]; sociobiol- 
ogy/behavioral ecology [Cashdan 1990]; and archaeology [Braun and Plog 1982]). 
The basic argument for the role of social relations as a coping strategy can be sum- 
marized briefly: “In the absence of unrestricted mobility, social groups faced with 
food provisioning problems will have to enlarge their social/economic network so as 
to have access to a more reliable food supply” (Minnis 1985a:20). Or to rephrase it 
in Halstead and O’Shea’s terms (although they might not agree with the rephras- 
ing), one might say that ultimately the exploitation of spatial variability is more 
reliable than exploitation of temporal variability. I would argue, as have others, 
that while social and economic relationships may be the most effective strategy for 
risk reduction, they also carry the greatest cost in the form of obligations to others. 
Individuals, families, or kin groups participating in reciprocal relationships can no 
longer be concerned solely with their own interests and survival without risking vi- 
olation of social norms. On this point, the views of sociobiologists and evolutionary 
and economic anthropologists tend to converge. Since many other papers in this 
volume focus on exchange as a coping strategy, I will not consider this further.!4] 

One other type of social interaction must be considered. Warfare and raiding 
could be considered a form of either diversification or social interaction. This re- 
sponse type is often ignored by southwestern archaeologists. Perhaps because of its 
political implications, negative reciprocity tends to be ignored as a social process 
in the prehistoric North American Southwest. Additionally, low intensity conflict 
can be difficult to see in the archaeological record. I am as guilty in this regard as 
anyone else. Part of this neglect may be due to the basic ineffectiveness of raiding 
in nonhierarchical societies. Raiding parties may have difficulty carrying back large 
amounts of food, and raiding invites retaliation. 

The ubiquity and intensity of conflict in the prehistoric North American South- 
west is uncertain, especially among the Anasazi (Haas 1989). Interesting arguments 
have been made, however, for widespread conflict in some areas during late prehis- 
tory in the southern North American Southwest (Di Peso 1974; Fish and Fish 1989; 
Wilcox 1989). The utility of warfare and raiding as a response to food shortages 
may have increased with greater sociopolitical complexity. Perhaps we could even 
conceive of the development of regional hegemony with tribute demands (tribute 
being a form of institutionalize “raiding” ) by complex regional polities in the North 
American Southwest. 


l] See the chapters by Kohler and Van West, Tatman, and Hegmon. 
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OTHER COPING STRATEGIES 


There are numerous other responses. Perhaps the simplest strategy, and the one 
with the most limited effectiveness, is resource conservation. Consumers can often 
reduce their food consumption. There are, however, well-known biological limits to 
dietary reduction, after which health and the availability of labor are diminished. 
Conservation is best known as a strategy for coping with expected and short hunger 
seasons. 

Changes in ritual activity are recorded to occur during food shortages. Such 
alterations can include intensification of ceremonies, change in ritual types, or at- 
tenuation of ritual content (e.g., Cove 1978). 

The effects of food deprivation can been focused on specific age cohorts. Turn- 
bull (1972, 1978) graphically described how reproducing-age Ik remained relatively 
well fed compared with the old and young. 

There are several ways for social groups to remove members, thus reducing the 
food needed to support the group. Dependents can be married off, sold, or simply 
“turned loose.” Forbes (1989) described early and otherwise undesirable marriages 
as a way of reducing family size among Greek peasants. 

Few ethnographers consider economic specialization as a response to food short- 
ages, because it seems to contradict the general principle of diversification. There 
are examples of communities poorly situated for adequate food production that 
produce crafts for exchange with other villages. Picuris Pueblo in New Mexico 
(Ford 1972) and Chamula in southern Mexico (Collier 1975) are two examples. In- 
creased craft production is recorded to have occurred during food shortages (e.g., 
the Gwembe Tonga of Zimbabwe), although one wonders whether this behavior is 
more frequent in communities with extensive markets. 

A response commonly recorded among current populations is migration to cities 
or other locales to obtain wage labor, although bottlenecks in agricultural labor 
needs occur. It is unknown how common this strategy was prehistorically, and it is 
unlikely to have occurred widely in the prehistoric North American Southwest. 

Finally, many models treat intensification of economic activities as a result of 
increasing imbalances between population size and production. There are ethno- 
graphic examples of economic intensification during food shortages (e.g., Maclach- 
lan 1983). This process, however, is most widely discussed in regard to the first use 
of agriculture (Berry 1982, Ford 1985; Matson 1992; Minnis 1985b; Wills 1988). 


PATTERNS OF RESPONSES 


Documenting the presence of food shortages or stress in the archaeological record 
is difficult. This is particularly true if cultural systems respond to food stress in the 
absence of documented biological markers of nutritional problems. That is, cultural 
behavior can be more sensitive to food deprivation than physiology. The fact that 
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risk-reduction responses known ethnographically to have been used during food 
shortages are present in the archaeological record is helpful but not conclusive, 
because many individual coping strategies are effective for a range of problems. 
For example, families or communities can migrate, have conflict, or intensify their 
economic activities for many reasons. The analysis of economic uncertainty in pre- 
history can be strengthened if the patterning of these coping behaviors can be 
demonstrated in the archaeological record. Therefore, models of response pattern- 
ing should be of special interest to archaeologists. 

Numerous scholars using different perspectives have proposed a sequential pat- 
terning of responses to food shortages; strategies to buffer food provisioning prob- 
lems are not randomly used. In their own ways, each of these approaches suggests 
that the magnitude of the response should match the severity of the problem. Five 
are briefly outlined here. The first is rooted in the work of the evolutionary ecologist 
Slobodkin (1964, 1968; Slobodkin and Rapoport 1974), which I used as the base 
for my study of food stress among the prehistoric occupants of the Rio Mimbres 
region of the North American Southwest (Minnis 1981, 1985). Second, Halstead and 
O’Shea (1989), likewise, modeled the relationship between risk and social change 
and outlined a scheme of responses. Third, Forbes (1989), a cultural anthropologist 
working with modern Greek peasants, proposed a related model of human responses 
to economic uncertainty. Waddell (1975), a cultural geographer, presented a fourth 
example of a hierarchical model of response sequence. Fifth and finally, Watt (1988) 
outlines a sequential model for Hausa responses to drought. Although not discussed 
here, Rudel (1980) also suggested a sequential response order to resource scarcity, 
in his case the gasoline shortage of 1973-1974 in Atlanta, Georgia. It may well be 
that the sequential ordering of responses to perturbations is a general characteristic 
of all complex adaptive systems. 

Slobodkin and Rapoport summarize the basis of their model as follows: 


Successful evolution requires the maintenance of flexibility in the response 
to environmental perturbations and that this flexibility must be maintained 
in the most parsimonious way. The parsimony argument is that organisms 
must not make an excessive or unnecessary commitment in responding to 
perturbations, but at the same time the deeper responses must be ready to 
take over to the degree that superficial responses are ineffective (Slobodkin 
and Rapoport 1974:198). 


It is necessary for this view to have definitions of “depth” and “superficiality.” 
Slobodkin and Rapoport proposed three criteria to “measure” depth: the speed 
of activation, the amount of resource commitment, and the reversibility of the 
response. Six levels of response were ranked according to increasing response depth: 
behavior, physiology, physiological acclimatization, death rate changes, selective 
mortality and fecundity, and genetic changes. 

For a variety of reasons discussed elsewhere in greater detail (Minnis 1985a), 
I used Slobodkin’s basic perspective and modified it in a way that I felt better 
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suited human populations. I argue that social relations are the most effective re- 
sponse for the most serious problems. Yet the cost is high to families, because more 
socially inclusive responses tender obligations to more groups, thus reducing the 
ability of families to focus on their own well being. Additionally, more socially in- 
clusive responses should be less reversible, because they involve greater numbers of 
social groups. Specifically, I proposed that risk-reduction responses involving mul- 
tiple social groups with be ordered so that more socially inclusive responses will 
be used only after less inclusive responses. This model was then compared with 
(1) three ethnographic descriptions of response sequences (the Mae Enga of Papua 
New Guinea, the Gwembe Tonga of Zimbabwe, and the Tikopians of the Pacific) 
and (2) the archaeological sequence of the Rio Mimbres Valley in southwestern New 
Mexico. In a general sense, the model of increasing social inclusivity is consistent 
with these examples, although the archaeological case study was based on less than 
optimal data. 

Halstead and O’Shea’s (1989:4) perspective mirrors mine closely. They propose 
that “societies deploy an array of different strategies in a hierarchy of responses, 
which are equated with both the scale of the producing and consuming units (in- 
dividuals, households, villages, states) and the magnitude of the resource failure 
encountered.” They further suggest that there should be strong selective pressure 
to embed high-level responses within the cultural system. These behaviors then 
become largely irreversible, and in the event of a resource failure, they can cause 
severe social disruption. As an example, high-level behaviors provide surplus pro- 
duction for ceremonial events. Although not a high-level response, the example 
of Zuni famine food knowledge perpetuated within ritual contexts is an obvious 
example of embeddedness. 

Forbes (1989) divided what he terms Hazard Response Mechanisms into three 
categories. First-defense mechanisms include polyculture, fragmentation, and over- 
production. Storage is the example of his second category, safety-net mechanisms. 
The third category, emergency mechanisms, includes begging, use of low-preference 
foods (such as animal fodder), and marrying off eligible dependents. 

Forbes (1989:95) proposed differences between lower-level and higher-level re- 
sponses. He explicitly analyzed only household-level responses. Even though the 
population he studied is part of a nation-state, he argued that the Greek state is 
less invołved in risk reduction for this rural community than many would believe. 
He outlined the following characteristics of lower-level responses: (1) continuous 
or frequent operation, (2) energetically expensive (security instead of productiv- 
ity), (3) well integrated into other aspects of culture, and (4) therefore low visi- 
bility to both participant and observer. In contrast, he suggests that higher-level 
responses share the following characteristics: (1) infrequent use, (2) low energy ex- 
pense, (3) high social expense, since they are counter to social rules, and (4) there- 
fore high visibility to participant and observer alike. The key characteristics to 
define the response categories, according to Forbes, much like the other models 
discussed, are frequency of operation, severity/economic cost, and social “cost.” 
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Waddell (1972, 1975) studied the Enga of New Guinea. He outlined a similar, 
although more attenuated, model. Not unexpected for a geographer, responses are 
partitioned on the basis of space. He posits three levels of responses—local, inter- 
regional, and extraregional—which he suggests are linked in such a way that, “the 
lowest (local) level is in constant operation, whereas the other two become progres- 
sively operational as the intensity of the climatic perturbation (frost) increases” 
(Waddell 1975:267). 

Watt (1988) analyzed the responses to drought in the 1970s by the Hausa 
of Nigeria, whose farming success is largely dependent on rainfall. He concludes 
that the structure of Hausa responses maintain “adaptive flexibility.” Consistent 
with the other examples cited here, Watt further argues that responses, from the 
use of famine foods on one extreme to permanent out-migration on the other, are 
order according to two criteria: increasing commitment of domestic resources and 
decreasing reversibility. Yet, “the precise constellation of responses during a crisis, 
and in particular the decision to migrate, reflects in large part local income-earning 
opportunities” (Watt 1988:273). Like Greek peasants, the Hausa are more fully 
embedded within a market economy than the other examples. 

The key element for all of these views is that responses are not randomly used. 
Explicitly or implicitly, each model argues for a sequence of responses with “re- 
source cost” and “perturbation severity” (however defined and however measured) 
inversely related. While there is a theoretical unity in the general views outlined 
above, the approaches do diverge. For example, Forbes’ expectation of decreased 
energetic expense of his high-level responses is not shared by all (contra Halstead 
and O’Shea 1989). The axis along which Waddell scales his responses is geographic, 
whereas the others use social criteria. My model, for example, emphases social in- 
clusivity as the measure of response cost. While not opposites, geographic distance 
is not necessarily the same as social distance. 


RISK AVOIDANCE AND SOCIAL/CULTURAL CHANGE 


What are the important relationships between culture change and environmental 
perturbations? How do problems of economic insecurity relate to changing human 
institutions? Some have proposed that increased severity simply and inextricably 
leads to the dissolution of society. There are many examples of social disruption 
with food scarcity. Laughlin, for example, in a study of the So of Uganda, demon- 
strated, “a tendency toward reduction of reciprocal exchanges of the general type in 
response to decreased basic resource availability” (Laughlin 1974:391). Those who 
focus on the psychological and physiological effects of starvation seem to view food 
shortages as leading inextricably to social disruption (e.g., Jelliffe and Jelliffe 1971). 
For example, Keyes, a pioneer in the study of the human physiological responses to 
starvation, quaintly and incorrectly noted that, “...in both primitive and civilized 
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societies affected by famine the social ties are loosed, the usual social amenities and 
graces are dropped, and wives and children abandoned, and homes left” (Keyes et 
al. 1950:785). Not only is this view sexist, but it treats human behaviors as rather 
unimaginative and mechanistic. Keyes’ view is not unique. Probably a majority of 
the readers of Turnbull’s (1972, 1978) descriptions of the Ik society would come to 
the same conclusion as Keyes. 

There is an alternative view. Other theories suggest that increased economic 
insecurity can result in or foster greater social cohesion. For example, a number 
of current archaeological models view the development of relationships beyond the 
household or kin group as the result of the need to buffer perturbation by ex- 
panding resource access through social networks, trade, and/or redistribution. Or 
stated differently, more inclusive social relations that allow wider access to food re- 
sources provide a higher probability of physical and social reproduction than other 
strategies. 

Which perspective is correct? Is increased economic uncertainty related to, if 
not a cause of, social disintegration instead of social integration? The answer is, I 
propose, yes and yes. In order to resolve this paradox, it is important to recognize 
differing levels of food shortage severity and the ability of human populations to 
anticipate problems (e.g., Bennett 1976). 

It might be useful to differentiate between what for the lack of better terms I 
will call catastrophic and impinging shortages; the former are rarer, and the latter 
are more common. Catastrophic events are those whose severity extends beyond the 
capacity of the population/cultural system to absorb the stress through “normal” 
responses. There can be both spatial and temporal components of catastrophic 
shortages; they can be severe in intensity, widespread in extent, and interminable 
in length. These events can lead to the social disintegration so often recorded, 
especially when combined with epidemics, as such events often are. Catastrophic 
shortages can set conditions for radical social/culture transformations through such 
processes as migration or ethnogenesis, the recombination of people into new social 
groups (Moore 1992; Sturtvevant 1971). The idea of “punctuated equilibria” in 
paleontology and evolutionary ecology is related to the concept of catastrophic 
perturbations. 

Impinging shortages are those handled reasonably well through “normal” re- 
sponses. Scholars who do atemporal studies can easily assume that such events 
have little or no effect on social/cultural change other than the development of 
low-level responses like storage or polyculture. They see what appears to be stasis. 
Impinging events, especially when combined with increasing population density or 
a decreasing resource base, can lead to social change, because these events can shift 
relationships ever so slightly. For example, a change in multiple field locations could 
well increase or change land ownership and alter nodes of interaction between so- 
cial groups. The kinds of social change related to impinging events are analogous to 
incremental change in biological populations. These changes are more a trajectory 
than a transformation. 
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Two factors, other than the stress severity, are especially important to catas- 
trophic and impinging events. One is the time lag of the perturbation for humans 
to consciously or unconsciously develop solutions. The second is the novelty of the 
problem. The greater the lag time available and the more familiar a population 
is with the problem, the more likely that the stress will be less disruptive. Hu- 
man groups can and do anticipate, as the voluminous literature on hazard and risk 
perception attests, although it is also clear than anticipation/perception is rarely 
perfect. A short-lived school of natural hazards research in anthropology in the 
mid-1950s recognized the key role of anticipation when the following generalization 
was proposed: “social disorganization and stress are the greater as a) the disaster 
force is more rapid, b) the period of forewarning briefer, c) the disaster agent less 
well known and less clearly perceived” (Demerath 1957:2). 

I have suggested that all types of responses, whether the most mundane or 
most radical, can relate to culture change, depending on the type of food shortage 
experienced and the context of the stress. The fact that a response is socially more 
inclusive, involves greater disruption of existing cultural relationships, or is energet- 
ically more expensive does not necessarily make it more likely to result in culture 
change. However, lower-level responses may be more likely related to incremental 
changes, while more catastrophic changes will associate with more disruptive social 
change. 


SUMMARY 


Given the evolutionary significance of food shortages, it should not surprise us 
that there are numerous strategies to ameliorate food stress. These range from 
low-level, household-oriented actions such as conservation of foodstuffs to more 
socially inclusive, communal actions that involve large numbers of people and may 
be coordinated by a small segment of the population. As expected, anthropologists 
place greatest emphasis on social responses. It is argued that the description of 
risk-reduction strategies in the archaeological record itself has practical value. The 
examples of famine food use in the prehistoric and ethnohistoric North American 
Southwest provide a cautionary tale about the suitability of ethnographic analogy 
for the study of prehistoric food stress responses. 

Numerous scholars, coming from different disciplines and perspectives, have 
proposed that there is a pattern of responses to food shortages. While it may not 
be possible to predict what specific responses would or will be used to reduce the 
effects of food shortages, it may be possible to develop a generally applicable model 
of the order of responses to the scarcity of a range of resources. Less costly and more 
reversible responses will be used before more costly and less reversible responses; 
the magnitude of the response should match the magnitude of the problem. Several 
proponents of this approach, including myself, have argued that social relationships 
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are an especially important response. My model explicitly suggests that response 
cost might be measured by the social inclusivity of the response. 

It was further argued that contrary to what might be an intuitive view, all 
types of responses can affect, and be affected by, culture change. The fact that a 
response is socially more inclusive, involves greater disruption of existing cultural 
relationships, or is energetically more expensive does not necessarily make it more 
likely to result in culture change. 

Researchers have noted that food stress is linked to both social dissolution and 
social integration. It is suggested here that relatively minor stresses are more likely 
to be related to incremental changes in society and culture, whereas catastrophic 
food shortages are more linked to major transformational changes such as ethnogen- 
esis, the shifting hegemonies in areas of competing states, regional abandonment, 
and rapid major changes in the organization of society and subsistence complexes. 
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Hunting, Gathering, and Health in the 
Prehistoric Southwest 


INTRODUCTION 


Over the past several decades, a number of individual and a few synthetic analyses 
have been undertaken concerning the nutritional health of prehistoric Southwestern 
agricultural populations (e.g., El-Najjar et al. 1976; Martin et al. 1991; Nelson et 
al. 1992; Palkovich 1980; Stodder 1990). Taken together these studies document a 
fair degree of variability in health across the Southwest, particularly as reflected 
in the incidence of porotic hyperostosis, an osteological condition indicative of iron 
deficiency anemia (Stuart-Macadam 1987). The incidence and severity of anemia 
are the product of several different variables, among them infection, parasite load, 
and diet. Systematic studies of each of these variables are necessary before we 
can understand the underlying causes of variation in Southwestern agriculturalists’ 
health. 

In this chapter, we have chosen to investigate the relationship between diet and 
health. In particular, we focus on variability in prehistoric access to meat and wild 
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plant foods across the Southwest. First we consider the nutritional consequences of 
meat-poor diets. We next document a great deal of variability in faunal assemblage 
composition, which likely reflects variability in access to meat among prehistoric 
Southwestern populations. We then move on to an analysis of archaeological data 
relating to three alternative means of dealing with shortfalls in local meat availabil- 
ity: trade for meat, turkey husbandry, and harvest of plants containing nutrients 
found in meat. In assessing the latter strategy, we focus on beans and on wild plants 
high in iron and vitamin C. 

The sites included in this analysis are those of aggregated populations, as several 
factors are likely to make access to meat and wild plants more problematic for larger 
than for smaller, highly dispersed populations. Among these factors are population 
density, which may be too high to rely on wild plants locally, overhunting (Speth and 
Scott 1989; Szuter and Bayham 1989; Szuter 1992), and environmental degradation 
(Szuter 1992). Aggregated populations may also compete with one another for 
access to more distant sources of game. Thus, the severity of nutritional stress is 
likely to be greater in aggregated populations, possibly making it more detectable 
archaeologically. 

Botanical (Raymer and Minnis 1992; Minnis 1989) and bone chemistry (Martin 
et al. 1991:67-76; Matson and Chisholm 1991; Spielmann et al. 1990; Spielmann and 
Schoeninger 1992) data have demonstrated that Southwestern farming populations 
were heavily dependent on maize for the bulk of their diet. For reasons elaborated 
upon below, a maize-dominated diet is deficient not only in high-quality protein but 
also in essential minerals, such as iron, and vitamins, such as B12. Such deficiencies 
can have a variety of consequences, including anemia, neurological damage, and 
increased incidence of infectious disease. Thus, our expectation is that Southwestern 
populations would have had to consume animal meat and/or certain plants regularly 
in order to maintain nutritional health. Restrictions in access to these foods are 
expected to result in lower nutritional health, which may be evidenced skeletally. 

Our emphasis here is as much on the vitamins and minerals available in meat as 
it is on the protein value of meat. We believe that it is important to view meat not 
only as a source of protein, as is generally the case in most archaeologically based 
analyses of nutrition, but also as a source of other essential nutrients. One corollary 
of this emphasis is that while Southwestern archaeologists’ traditional fascination 
with corn production is important for understanding prehistoric diets, information 
concerning access to meat is equally critical. 


NUTRITIONAL CONSIDERATIONS 
IRON 


Animals and plants provide two distinctly different sources of iron, heme and non- 
heme, in the human diet. Iron is found in heme, red pigment in the blood, and in 
this form is more easily absorbed by humans. Ten to twenty-five percent of heme 
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iron is absorbed by the body. Obviously, heme iron is only available from animal 
resources. Non-heme iron, which is available in plants, is low in bioavailability, the 
degree to which it is absorbed by the body. Only one to two percent of non-heme 
iron is absorbed, if not eaten with other foods (Hallberg 1981). 

The absorption of non-heme iron is significantly affected by the iron status of 
the individual and by characteristics of the meal in which the iron is consumed. 
Individuals who are anemic will absorb more non-heme iron than non-anemic indi- 
viduals who eat the same meal. Both meat and vitamin C (ascorbic acid) greatly 
enhance the absorption of non-heme iron, with meat increasing absorption of non- 
heme iron from 1-2% up to 25%. When meat is added to a meal of corn, the 
absorption of iron increases three-fold (Layrisse et al. 1968). Vitamin C also acts as 
a facilitator of non-heme iron uptake, often increasing iron absorption by a factor 
of four (Hallberg 1981). Meal components that inhibit iron absorption are phytates 
and tannins (Banerji et al. 1968; Baynes and Bothwell 1990; Dwyer 1991; Hallberg 
1981; Kuhn et al. 1968). Phytates are found in grains, including corn. 

Research concerning the bioavailability of iron in different meals and in differ- 
ent dietary regimes indicates that there is great variation in the iron availability in 
meals of the same caloric content (Hallberg 1981), and among diets that character- 
ize different populations worldwide (Baynes and Bothwell 1990). Monotonous diets 
high in cereals, roots, or tubers with little meat, fish, or vitamin C provide around 
0.7 mg. of iron per day. This quantity of iron is insufficient for the needs of women, 
especially pregnant or lactating women, children, and many men (Baynes and Both- 
well 1990). Such diets are typical of populations in many developing countries, and 
may have been characteristic of some prehistoric Southwestern populations. 

Diets that rely on the above sources of carbohydrate, but include some meat or 
fish and vitamin C, provide on average about 1.4 mg. of iron per day. This quantity 
meets the needs of adult men, and women who are not pregnant or lactating. 
Pregnant women require 2.2 mg. of iron per day simply to maintain iron at a 
nutritionally acceptable level. Many traditional diets do not provide this quantity 
of iron (Hallberg 1981). Moreover, adolescent needs may not be met by this kind 
of diet (Baynes and Bothwell 1990). 

The biologic consequences of iron deficiency include impaired work capacity 
(Baynes and Bothwell 1990), and greater susceptibility to respiratory infections 
and diarrhea (Goodman 1994). Iron deficiency to the point of anemia can result in 
neurologic disfunction if it is experienced at an early age. This disfunction is not 
completely reversible by a better diet later in life (Baynes and Bothwell 1990). 


VITAMIN B12 


Vitamin B12 is available in substantial amounts only in animal products, meat or 
milk. Vegetarian diets, particularly vegan diets, which contain no animal products, 
have been documented to result in vitamin B12 deficiency. For example, a study 
of young children on macrobiotic diets documented vitamin B12 levels far below 
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those in the control group, levels sufficiently low to have physiological consequences 
and to cause concern about the children’s neurological development (Dagnelie et 
al. 1989b), since Vitamin B12 deficiency can cause neurological damage. Moreover, 
the children on macrobiotic diets exhibited problems in their growth and motor 
development (Dagnelie et al. 1989a, 1990; see also Dwyer et al. 1982). Modern 
vegetarians, particularly children and pregnant and lactating women, are strongly 
encouraged to supplement their diets with B12 (Dwyer 1991). In the prehistoric 
Southwest, any relatively meatless diet would also likely have resulted in vitamin 
B12 deficiency. 

Given the potentially severe consequences of relatively meatless diets, we expect 
that meat was a critical commodity in the prehistoric Southwest. As documented 
below, however, faunal data suggest that meat from local game may have been insuf- 
ficient in quantity to satisfy the nutritional needs of some aggregated Southwestern 
populations. 


HUNTING IN THE PREHISTORIC SOUTHWEST 


Rabbits and artiodactyls (primarily deer and antelope) dominate the faunal as- 
semblages from aggregated prehistoric Southwestern sites. The large populations 
of such sites (often several hundred people or more) would have required sizeable 
quantities of game to meet basic nutritional requirements. Table 1 illustrates the 
calculation of the number of lagomorphs or artiodactyls that populations of 100 
people and of 500 people would need per year using estimates of human protein 
needs, meat weights, and protein content. Unfortunately, the quantities of iron and 
vitamin B12 that humans need on an annual basis are not well established (e.g., 
Keene 1981). Here we use human protein needs to illustrate the quantities of game 
an aggregated population is likely to require. 

Based on Food and Agriculture Organization/World Health Organization 
(1973) estimates for the protein needs of populations in developing countries, an 
average of approximately 20 g./person/day of high-quality protein is necessary to 
maintain nitrogen balance (Wetterstrom 1986:165). Rabbits (if the useable meat is 
averaged for cottontail and jackrabbit) produce roughly 0.94 kg. of meat, which at 
21% protein content, provides 0.20 kg. of protein per animal. An “average” deer 
supplies 48.5 kg. of useable meat, and at 21% protein, 10.19 kg. protein per animal. 

As the table illustrates, roughly 3650 rabbits or 72 deer would supply the annual 
protein needs of a population of 100. These figures rise to 18,250 rabbits or 360 deer 
with a population of 500. 

Given that protein may also be derived from the consumption of small mammals 
and plants, however, we do not expect that all of the protein needs of prehistoric 
Southwestern populations were met by deer and rabbit meat. Thus, for example, 
if only one-half of the necessary quantity of protein were supplied by game, 500 
people would require 9125 rabbits, or 180 deer per year (Table 1). 
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TABLE 1 Calculations of Protein Available from Artiodactyls and Lagomorphs. 


I. Available Protein 
Jackrabbit: 1.38 kg. useable meat Avg. .94 kg. 
Cottontail: .50 kg. 
Mule Deer: 48.5 kg. useable meat 
At 21% protein content: 
one Deer = 10.19 kg. protein 
one Rabbit = .20 kg. protein 
one Deer = 51 rabbits in protein content 


II. Required Protein 
.02 kg./person/day on avg. x 100 people x 
365 days = 730.0 kg. protein/population/year 


III. Number of animals to meet protein needs per 
year 
At population of 100: 
Rabbits: 730/.20 = 3650 rabbits 


or 

Deer: 730/10.19 = 72 deer 

If 50% of protein needs are met by animal 
meat: 

Rabbits: 1825 or Deer: 36 

At population of 500 and 50% of protein 
from animal meat: 

Rabbits: 9320 or Deer: 180 


These latter figures are sizeable, and it is likely that Southwestern populations 
varied in their ability annually to acquire faunal resources of this magnitude. Factors 
such as duration of site occupation, density of sites in an area, and the capacity 
of the environment to support faunal resources would affect the quantity of game 
available in the vicinity of a prehistoric site. In this chapter we seek to document 
that variability, and to assess alternative strategies to deal with insufficient access 
to game. 

One means of comparing the relative availability of meat to prehistoric South- 
western populations is through the calculation of a ratio between artiodactyl and 
lagomorph bone found at archaeological sites (Spielmann 1991a; see also Szuter and 
Bayham 1989). This ratio is called the artiodactyl index, and is used as a measure of 
the relative accessibility of large game as a meat resource. In this analysis we have 
assumed that an index of large game accessibility reflects the accessibility of meat 
in general to aggregated populations. Because it would take roughly 50 rabbits to 
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match the protein contribution of a single deer, we expect that there is a limit to 
the ability of rabbit meat to make up for a lack of availability of meat from large 
game. 

It is important to point out, however, that it will be necessary to obtain inde- 
pendent data to evaluate whether the artiodactyl index does indeed reflect access 
to meat in general. Bone chemistry information will be especially critical in this 
assessment. In particular, trace element analyses measuring strontium and barium 
content in bone should provide information on the relative quantities of meat in 
the diets of different populations, as long as geographic variation in trace element 
distributions is controlled for. At this point, only three bone chemistry studies of 
aggregated Southwestern populations have been undertaken. Schoeninger and Spiel- 
mann have collected strontium and stable isotope data for Pecos (Spielmann et al. 
1990) and Gran Quivira Pueblos (Spielmann and Schoeninger 1992). Ezzo (1992) 
has recently completed an extensive bone chemistry study of the Grasshopper buri- 
als. Comparisons among these data sets have yet to be undertaken, however. 


ARTIODACTYL INDICES 


In order to compare access to large game across the Southwest, Spielmann (1991a) 
computed an artiodactyl index for the faunal assemblages from a series of ten 
aggregated sites; several additional sites have been added to the original sample for 
the purposes of this analysis (see Table 2). The artiodactyl index as computed here 
is the ratio of artiodactyl NISP (Number of Identified Specimens; i.e., number of 
bone fragments identifiable to a particular taxon) to lagomorph NISP [see Bayham 
1982].) 

To make valid comparisons among NISPs from different sites, it is important 
to establish that the bone assemblages from these sites have not been differentially 
affected by processes that would lead to greater or lesser fragmentation of the 
species under analysis. For example, a number of taphonomic processes, including 
trampling and weathering as well as butchering patterns, can substantially affect the 
degree of bone fragmentation at a site, and thus the NISP. Taphonomic processes 
at the sites chosen for analysis (see Table 2), however, appear to have been similar. 
Based on the published reports on these sites it appears that the animal bone is 
in good condition, and that artiodactyls were butchered to a similar degree. For 
example, most long bones were broken for marrow, but there was generally not 
much further fragmentation. Moreover, the patterning in the artiodactyl ratios (see 
below) was strong enough that variation due to somewhat different taphonomic 
histories is not expected to obscure behaviorally meaningful trends in the index. 
Direct study of each collection, however, would be necessary to make a stronger 
case for the similarity in degree of fragmentation among the assemblages. 
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TABLE 2 Artiodactyl indices for aggregated towns. 1 


Site NISP NISP A/L Reference 
A L 
Pueblo Colorado 1982 2151 .92 Thiel (1994) 
Gran Quivira 2374 5987 .40 Spielmann, 
unpublished data 

Rowe Pueblo? 960 800 1.20 Mick O’Hara (1987) 
Arroyo Hondo 965 4885 .20 Lang and Harris (1984) 
Pueblo Alto 908 10,708 08 Akins (1987) 
Chaco Villages? 225 3356 .07 Akins (1985) 
Guadalupe Ruin 1354 1583 .86 Pippin (1987) 
Galaz Ruin 147 714 21 Anyon and LeBlanc (1984) 
Mimbres Classic# 305 1319 .23 Nelson, unpublished data 
Mimbres Salado® 450 173 2.60 Nelson, unpublished data 
La Ciudad 158 1368 12. Sauter (1989) 
Los Colinas 227 3687 06  Szuter (1989) 


I | 
1 NISP A = Number of identified artiodactyl specimens; NISP L = Number 
of identified lagomorph specimens. 

2 Excludes data from backhoe trenches since these sediments were not 
screened. 


3 Villages 627, 629, and 633. 
4 Sites LA676 and LA12076. 
5 Sites Z:1:78, Z:5:10, and LA12077. 


In order to control for recovery biases, particularly against small game, only 
aggregated sites at which sediment was screened through 1/4-inch mesh were used 
in the analysis. Thus, biases due to recovery techniques should be similar among 
the sites. The contexts excavated generally included a mix of rooms, features, and 
middens at each site. Different excavations emphasized different contexts, however. 
For this pilot study, we are assuming that this difference in emphasis did not sig- 
nificantly affect the recovery of different species of animal or plant. 

Outside the Hohokam area, there are relatively few published or readily accessi- 
ble faunal analyses for aggregated settlements, particularly ones at which sediment 
was routinely screened during excavation. The sample discussed here includes four 
sites from the eastern border area of the Pueblo world, several sites in the Chacoan 
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region, and several sites from the Mogollon highlands (see Figure 1 and Table 2). 
We have also included two sites in the Hohokam area: La Ciudad, a preclassic vil- 
lage, and Las Colinas, a pre-classic and classic site, both of which are on the Salt 
River. 

As Table 2 and Figure 2 indicate, the artiodactyl index varies from 2.6 at Salado 
sites in the Mimbres area to .06 at Las Colinas. Values for the eastern-most pueblos, 
those nearest the plains and mountainous areas, and the Mogollon highlands are 
relatively high. In contrast, values for the western pueblos and Hohokam tend to 
be low. Given the expectation of some archaeologists that the large towns in Chaco 
Canyon served as feasting locations, and possibly elite residences, it is interesting 
to note the very low value of the artiodactyl index for Pueblo Alto, and the virtual 
identity of that index with the index for three small villages in the canyon (see also 
Akins 1985). 


100 Miles 
KEY: 
1. Las Colinas i 
2. La Ciudad 6. Arroyo Hondo 9, 100. Kilometers 
3. Mimbres area (Galaz Ruin) 7. Rowe Pueblo 
4. Chaco Canyon 8. Gran Quivira 
5. Guadalupe 9. Pueblo Colorado 


FIGURE 1 Map showing aggregated sites used in the analysis. 
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ALTERNATIVE STRATEGIES 


If the artiodactyl index is reflective of access to large game, and access appears to 
have been low at many aggregated Southwestern sites, then one would expect that 
those populations with little direct access to large game might develop alternative 
strategies to acquire protein, minerals, and other nutrients. These strategies might 
include harvesting of very small game, trading for meat, raising turkeys (Speth 
and Scott 1989), greater emphasis on the cultivation of beans to complement the 
amino acids in corn, and greater focus on the gathering of wild plants that contain 
relatively high quantities of iron and other minerals that meat provides, but in 
which corn is deficient. Wild plants may also provide amino acids complementary 
to those in corn. 

Szuter (1989, 1992) has cogently argued that rodent-sized game formed an 
important component of the lowland Hohokam diet, and may have made up for the 
lack of access to large game for Southwestern populations in general. Spielmann 
(1988) noted an increase in small game in Gran Quivira middens toward the end of 
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the occupation, when Plains-Pueblo trade was disrupted by Spanish colonists and 
local large game may have been overhunted. Given that the strategy of small-game 
hunting is documented in existing literature, here we investigate other potential 
strategies: trade, domestic animals (turkey), beans, and wild plants. 


TRADE 


The sample of aggregated sites includes two groups, the lowland Sedentary and Clas- 
sic Hohokam and the Chaco Anasazi, which many archaeologists believe reached 
a higher level of sociopolitical complexity than other prehistoric Southwestern so- 
cieties. These populations maintained widespread trade networks through which 
sizeable quantities of goods such as shell and pottery moved. Trade has also been 
postulated as a means by which populations in both areas acquired meat from large 
game. The low artiodactyl indices for these areas may thus belie more abundant 
access to large mammal meat. In order to assess this possibility, data on artiodactyl 
abundance are needed from the areas that are thought to be the sources of traded 
large game. 

In the Hohokam area, sites in the uplands north of the Salt/Gila basin are 
postulated to have provided meat to Hohokam centers to the south (Bayham and 
Hatch 1985; James 1987). In the Chaco area, Pueblo populations in the Chuska 
mountains, who supplied ceramics, chert, and wooden beams to Chaco, are thought 
to have been a significant supplier of meat from large game as well (Akins 1985:409). 
If these propositions are correct, then faunal assemblages at sites purported to be 
the sources of traded meat should exhibit high artiodactyl indices. 

While data are lacking for the Chuska mountains, it is possible to evaluate, 
on a preliminary basis, data from upland locations in the Hohokam area (Figure 
1, Table 3). Ash Creek, Miami Wash, and Anamax-Rosemont are upland locations 
which each contain several small Hohokam farming sites. The Ventana figures are 
from the top two levels at Ventana Cave, which Bayham (1982) has argued represent 
remains of Hohokam hunting camps. 

Clearly the Ash Creek, Miami Wash, and Anamax-Rosemont sites display 
higher artiodactyl indices than the contemporaneous lowland Hohokam villages 
discussed previously, and their indices are not that different from Ventana Cave, 
particularly given that only 1/2” mesh screen was used at Ventana. Szuter and Bay- 
ham (1989) have argued that higher artiodactyl indices for upland Hohokam sites 
reflect a greater emphasis on hunted meat in the upland diet, due to the greater 
abundance of large game in the uplands and the relatively small upland population 
sizes. In contrast, Bayham and Hatch (1985) and James (1987) have suggested that 
the higher artiodactyl indices for upland sites may be due to trade in meat from the 
uplands to the lowlands. Occupants of upland sites, in this scenario, are thought to 
have specialized to some degree in hunting large game, whose meat was then traded 
to people in lowland centers in return for goods manufactured there, and perhaps 
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TABLE 3 Artiodactyl indices for upland sites.! 


Site NISP A NISP L A/L Reference 
Ash Creek 72 267 .27 Sauter (1989:233) 
Miami Wash 516 657 .7T9 Szuter (1989:234) 
Anamax-Rosemont 785 1429 55  Szuter (1989:233) 
Ventana, Level 1 321 179 1.79 Szuter and Bayham (1989) 
Ventana, Level 2 371 259 1.43 Szuter and Bayham (1989) 
a a A a a oi 


1 For abbreviations, see Table 2. 


for corn. At this point it is not possible to choose between these two scenarios. Bone 
chemistry data (see above), however, would assist in determining whether upland 
populations did indeed consume more meat than lowland populations. 

Trade for meat between eastern border Pueblo farmers and plains hunter- 
gatherers has been well documented (see Spielmann 1991b and 1991c, and references 
therein). Such trade appears to have developed in the mid-1400s as evidenced by 
exchange data from the Plains (Spielmann 1983), and by the relative importance 
of bison in the artiodactyl assemblages from eastern border pueblos. For example, 
while bison comprises only 3% (31/960) of the artiodactyl NISP at Rowe, which 
was abandoned in the 1300s (Mick O’Hara 1987), at Gran Quivira 17% (399/2374) 
of the artiodactyl NISP is bison, with the majority of the bison bone from deposits 
dating after A.D. 1500 (Spielmann 1988). 


TURKEY 


Several years ago Speth and Scott (1989) suggested that turkey raising may have 
been one strategy that Southwestern populations pursued to increase their access 
to animal meat. Because turkey provides more than twice the amount of meat per 
animal than rabbit (2.3 kg./turkey; Wetterstrom 1986:173), turkey would seem to 
be a viable alternative to rabbit in compensating for shortfalls in access to large 
game. Obviously, however, there are costs in raising turkeys that are not taken into 
account by simply looking at the benefits (see Akins [1985] for a discussion of such 
costs). 

The earliest domesticated turkeys from the San Juan Basin date to the sev- 
enth century A.D., and there is ample evidence of turkey domestication in the Rio 
Grande by A.D. 1200 (Lang and Harris 1984:93). Windes’ (1987) review of turkeys 
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at Pueblo Alto documents turkey husbandry there by the 1000s. Evidence for turkey 
husbandry includes remains of turkey pens, eggshells, and poults. 

While most would not dispute the evidence of turkey raising in the Southwest, 
many have questioned whether turkeys were kept for their feathers, or whether 
they were a source of food. Windes’ (1987) interesting analysis of turkey remains 
from Pueblo Alto documents a dramatic increase in the burning of turkey bone in 
the 1100s at that site, corresponding with a sizeable increase in the occurrence of 
turkey. On the basis of this evidence he proposes that turkeys were used for feathers 
at Pueblo Alto in the 1000s and were consumed as food in the 1100s. Lang and 
Harris (1984) assume that the turkeys at Arroyo Hondo were consumed throughout 
the occupational sequence. 

In contrast, McKusick (1981) has maintained that turkeys at Gran Quivira were 
raised solely for their feathers. Her argument rests on the age profile of the turkeys, 
the lack of burned turkey bone, and the lack of cut marks on the bone. She argues 
that turkeys were killed at too old an age (over two years) to be palatable, although 
she does note that there is a relatively high rate of juvenile male turkey mortality 
in the sample. With regard to juvenile male mortality, Peterson (1989) points out 
that because one gobbler can service several female turkeys, many juvenile males 
at Gran Quivira may have been culled from the flock since they would not have 
been necessary for flock production and maintenance. Presumably these younger 
individuals would have been palatable and could have been eaten. 

In summary, there were apparently both dietary and nondietary uses of turkey. 
Our expectation is that aggregated populations had a fairly fixed need for feathers, 
and that relatively high proportions of turkey bone at a site would signify use 
above these needs, i.e., meat consumption. Burning data, however, also appear to 
be important in identifying the consumption of turkey meat. 

In order to evaluate the possibility that turkey compensated for a shortfall in 
large mammal protein, NISPs for turkey were compiled and a “turkey index” was 
calculated by dividing turkey NISP by lagomorph NISP for each of the twelve sites 
in the sample. This index was then compared with the artiodactyl index. It was 
expected that if turkey did indeed make up for a lack of large game availability 
at some sites, then the turkey index should vary inversely with the artiodactyl 
index. Statistics were not computed in comparing these indices, however, due to 
the unsuitability of NISP data for statistical analysis. 

Counts of turkey bone include only those elements identified as turkey in the 
faunal reports. Although elements in “large bird” categories were likely to be turkey 
as well, not all reports included such a category, and thus we were limited by the 
nature of the published data. While turkey frequency may thus be underestimated 
at some sites, we do not expect that the trends noted in the data would be changed 
if large bird elements were added to the sample. 

Table 4 provides NISPs for turkey and the calculation of the turkey index. Sites 
are arranged in descending order based on their artiodactyl index. In this table sites 
with indices above zero fall into two categories, those with very low values (<.10) 
and those with higher values (>.20). Our suspicion is that the low indices reflect a 
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low but constant demand for turkey feathers, while the higher indices reflect meat 
consumption. This proposition is borne out by data from sites in Chaco Canyon 
discussed below. 

Figure 3 graphs both the turkey and artiodactyl indices for each site. This figure 
clearly shows that there is no correlation between the turkey and artiodactyl indices. 
The group of sites with the highest artiodactyl index (Mimbres Salado), has one of 
the lowest turkey indices, while the site with the second-highest artiodactyl index 
has the highest turkey index (though turkey at Rowe do not appear to have been 
raised at the site [Mick O’Hara 1987:6]). Many sites with low artiodactyl indices 
also have low turkey indices. 

It is likely that several factors other than access to large game are affecting 
the turkey index. First, some areas, such as the Sonoran desert, may not have 
been conducive to turkey husbandry, perhaps because turkey are adapted to higher 


TABLE 4 Turkey indices for SW sites. t 


Site NISP T NISP L T/L 
Mimbres Salado? 3 173 +02 
Rowe Pueblo 249 800 318 
Pueblo Colorado 43 2151 .02 
Guadalupe Ruin 345 1583 .22 
Gran Quivira 198 5987 .03 
Classic Mimbres* 22 1319 .02 
Galaz 0 714 0 
Arroyo Hondo 1134 4885 .23 
La Ciudad 0 1368 0 
Pueblo Alto 987 10798 .09 
Chaco Villages 802 3356 24 
Las Colinas 0 3687 0 


1 Sites are arranged in decreasing order based on 
the artiodactyl index value. NISP T = Number of 
identified turkey specimens. NISP L = Number of 
identified lagomorph specimens. 

2 Sites Z:1:78, Z:5:10, and LA12077. 


3 No eggshell or juveniles found; likely these were 
not kept at the site (Mike O’Hara 1987:6). 


4 Sites LA676 or LA12076. 
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elevations and cooler temperatures. The Hohokam sites in the sample lacked turkey 
bone. Moreover, Szuter (1989:189) states that in general turkey are rare in Sonoran 
Desert sites. Second, the taboos against turkey consumption mentioned by Spanish 
chroniclers may have been operative in some regions such as the Salinas area (Gran 
Quivira) and among the Mimbres. The low turkey indices in both these areas may 
reflect use of turkey feathers. 

There are data from Chaco Canyon, however, that suggest an increase in em- 
phasis on turkey husbandry as large game became less available. In order to detect 
a change in turkey husbandry, we divided the Chacoan assemblage temporally. 

Table 5 provides the artiodactyl and turkey indices for the Chaco villages and 
Pueblo Alto over time. The Chaco village data have been divided between sites 627 
and 629, which contain deposits dating from between A.D. 850 and 1200, and site 
633, with deposits dating from roughly A.D. 1220 to 1250 (Akins 1985). The Pueblo 
Alto data follow Akins’ (1987:Table 8.144, p. 624) divisions among the Red Mesa, 
Gallup, and Late Mix deposits, which date roughly A.D. 920-1020, 1020-1120, and 
1120-1220, respectively. Noteworthy is the fact that the turkey index is fairly low 
until the late phases of occupation at both the town and village sites. 
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Also noteworthy is the relatively low and static artiodactyl index at Pueblo 
Alto over time. As discussed above, the low index may mask the importance of 
imported, but relatively boneless, meat from the Chuska Mountains. Clearly if 
there were a shortfall in large game over time at Alto, lagomorphs were not being 
taken in increasing numbers to make up for it. 

Akins (1985) has attributed the increase in turkey frequency in Chaco Canyon 
to the availability of abandoned cornfields for turkeys to forage in as the canyon 
became depopulated. An alternative explanation is that as the Chaco system col- 
lapsed, the system for provisioning the canyon with large game from the Chuskas 
also collapsed. In response, the remaining Chaco Canyon population, in both the 
villages and the towns, turned to an alternative source of animal meat, the domestic 
turkey. 

Trends in Rio Grande turkey usage may parallel those in Chaco Canyon, only 
at a later date given that populations did not begin to aggregate in the Rio Grande 
until ca. A.D. 1300. Lang and Harris (1984:100) note the apparent increase in impor- 
tance of turkey during the late prehistoric period. Turkey bone percentages range 
between 9% and 15% for sites in the Rio Grande Valley that date to the 1300s, 
while sites dating to the 1400s and 1500s contain percentages of 23 to 29%. In 
contrast, further to the east preliminary analysis of the turkey from Gran Quivira 
(Peterson 1989) suggests no significant change in the emphasis on turkey over time 
at that site, despite its growth in size between the 1300s and 1400s. McKusick 
(1981) may thus be correct in suggesting that turkeys were raised at Gran Quivira 
predominantly for feathers. 

In sum, turkey husbandry is not a strategy used uniformly across the Southwest 
to allay shortfalls in access to large game. Where temporally separable faunal data 
are available for the Anasazi area, however, the frequency of turkey increases over 
time; perhaps this was in response to overhunting or to the demise of trading 
systems that originally provisioned some of these populations with large game. 


TABLE 5 Turkey and artiodactyl indices for Chaco sites. 1 


Site NISP T NISP A NISP L T/L A/L 
Chaco 627/629 118 219 1962 .06 Al 
Chaco 633 684 6 1282 53 .00 
Alto Red Mesa 3 101 1703 0 .06 
Alto Gallup 68 447 5653 .01 .08 
Alto Late Mix 878 284 2906 .30 .10 


1 For abbreviations, see Tables 2 and 4. 
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The lack of turkey in the Sonoran Desert sites would seem to reinforce the 
importance of rodent-sized game to the subsistence of Hohokam populations. One 
important avenue of further inquiry would be to compare the relative emphasis on 
very small game between Colorado Plateau and Sonoran Desert populations. Our 
expectation is that an emphasis on very small game should be negatively correlated 
with an emphasis on turkey husbandry. 


PLANT RESOURCES 


If trade and/or turkey husbandry were strategies that were either not available 
to some Southwestern populations, or were insufficient to alleviate a shortfall in 
access to meat from large game, an emphasis on the cultivation or harvesting of 
some plant species constitutes a third potential strategy for acquiring nutrients 
provided by meat. While plants do not provide vitamin B12, they do contain other 
critical nutrients found in meat. In this section we consider one such nutrient, iron, 
and assess the degree to which reliance on plants high in iron correlates with lack 
of access to large game. In addition, we investigate the prehistoric use of plants 
high in vitamin C, as this nutrient enhances the absorption of non-heme iron (see 
above). 

Before undertaking a comparative analysis of wild plant use at different South- 
western sites, it was necessary to assess the degree of comparability of the macro- 
botanical assemblages from these sites. Information on the macrobotanical recovery 
procedure used is scarce for sites excavated earlier than about 1980. Generally, how- 
ever, an initial sample of 2-4 liters of sediment was processed through a flotation 
device, and the plant remains were then sorted and analyzed. With regard to the 
plant identifications, we were heartened by the fact that only two researchers (Min- 
nis and Toll) were involved in the analysis of 80% of the sites considered here (‘Table 
6). This situation reduces the problem of interobserver differences in analytical tech- 
niques. In addition, we use ubiquity data to compare the utilization of plants at 
the sites. The ubiquity of a taxon is calculated by dividing the number of flotation 
samples the taxon occurred in by the total number of flotation samples analyzed. 
This presence-absence measure helps to minimize differences among sampling pro- 
cedures. Table 6 shows the number of macrobotanical samples analyzed for each 
site and the researchers involved. 

The two Hohokam sites used in the faunal analysis, La Ciudad and Las Colinas, 
were eliminated from this portion of the study. Because these sites are situated in 
the Sonoran Desert, their floral assemblages differ significantly from those recovered 
from the Mogollon and Anasazi sites. Since the same species could not be compared 
at the Hohokam sites we do not consider them here. 
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TABLE 6 Macrobotanical samples and ethnobotanists. 


Site Sample Size Analyst 
Mimbres Salado 43 Paul Minnis (1986) 
Rowe Pueblo 15 Mollie Toll (1981) 
Pueblo Colorado 26 Michael Diehl (1990) 
[with Paul Minnis] 
Guadalupe Ruin 18 Vorsila Bohrer & Karen Adams 
(Pippin 1987) 
Gran Quivira 50 Raymer and Minnis (1992) 
Mimbres Classic 35 Paul Minnis (1985) 
Galaz Ruin 16 Paul Minnis (1984) 
Arroyo Hondo 174 Wilma Wetterstrom (1986) 
Pueblo Alto 124 Mollie Toll (1987) 
Chaco villages 164 Mollie Toll (1985) 


The species of plants considered in our analysis were chosen using two criteria: 
availability of nutritional information on iron and vitamin C content, and evidence 
of usage by prehistoric populations. Table 7 shows the species chosen, and the 
range and median values for their iron and vitamin C contents. The data are in 
milligrams per 100-gram edible portion. Plants were classified as “high” in iron 
and/or vitamin C if their median values exceeded the corn median values. The vast 
majority of “high” iron plants contain well over two times as much iron as corn. All 
but one of the “high” vitamin C plants contain at least three time as much vitamin 
C as corn. 

The wild plants were grouped into the three categories shown in Table 7. The 
values for beans and corn are given at the bottom, corn for reference and beans for a 
separate analysis. Our assumption in the following analysis is that the characteristic 
of being high in iron and/or vitamin C content relative to corn is a primary factor 
in a plant’s selection. 

In the following sections we evaluate two hypotheses concerning the use of 
plants to offset low meat availability. The first deals specifically with beans. As 
Table 7 shows, beans are an excellent source of iron. Beans also provide amino acids 
complementary to those found in corn. We expect that bean ubiquity should be 
higher at sites with low artiodactyl indices because beans’ amino acids complement 
the amino acid content of corn, thereby improving the quality of plant protein in 
the diet. Table 7 also shows that certain wild plants are good sources of iron and/or 
vitamin C. Thus, our second expectation is that ubiquities of plants rich in iron 
and vitamin C will vary inversely with artiodactyl indices. 
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TABLE 7 Iron and vitamin C contents of Southwestern wild and cultivated 


plants. ! 
LS a a a OT ETT 
Category Range Range Median Median 
Plant iron Vitamin C tron Vitamin C 


High in Iron 
and Vitamin C 


Amaranthus 1.6-22.9 3-120 5.4 72.0 
Chenopodium 0.7-37.4 1-109 6.4 7.0 
Artemesia 1.5-32.3 36-80 17.3 58.0 
Portulaca 1.0-3.6 12-58 3.5 25.0 
Solanum 0.3-15.5 4-79 9.9 21.0 
Sphaeral. 12.7 35 12.7 35.0 
Lepidium 1.3-28.6 19-87 15.0 79.5 
High in Iron 

Helianthus 0.4-7.7 7.1 

Pinus 3.1-6.4 5.2 

Prunus 0.3-5.2 4.6 

High in 

Vitamin C 

Opuntia 14-26 21.0 
Yucca 26-393 210.0 
Referents 

Beans 1.3-9.2 1-110 3.9 7.0 
Corn 0.7-6.2 0-12 2.4 6.2 


1 Values are in mg./100-gram edible portion. 
2 Duke and Atchley (1986). 

3 Cummings (1994). 

4 Instituto de Nutricion (1961). 


BEANS 


Table 8 presents the data available on bean ubiquities. At several sites no macro- 
botanical evidence of beans was found. Ubiquity data have not been published for 
domesticated plants from the village sites at Chaco Canyon. 

With beans uniformly low in ubiquity across the Southwest, the data indicate 
no meaningful trend in bean ubiquities with respect to the artiodactyl indices. There 
does appear to be much greater recovery of beans at eastern pueblo sites than at 
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western ones, however. It is unclear whether this greater recovery reflects greater 
consumption or better conditions for preservation at eastern pueblo sites. Beans 
tend to decay rapidly once discarded, and the generally low bean ubiquities are 
probably not representative of the contribution of beans to prehistoric Southwestern 
diets. Variability across the Southwest in the consumption of beans is probably 
masked due to postdepositional decay. The data at present, however, do not support 
the hypothesis that there should be greater emphasis on bean cultivation in areas 
with less abundant large game. 


WILD PLANTS 


Table 9 provides ubiquity data for the three wild plant categories at the ten sites. 
In cases where Chenopodium and Amaranthus were reported together, the ubiquity 
figure was assigned to each species. Figures 4 and 5 show the plots of the ubiqui- 
ties for each category. In both the table and the figures, the sites are arranged in 
descending order of artiodactyl index. The line connecting the points was drawn 
as a visual device to enhance pattern recognition only; it is not meant to suggest 
any interpolation of ubiquities between sites. The values plotted in Figure 4 are the 
summation of ubiquity values for all species in each category found at a site. Figure 
5 plots the average of the ubiquities of the species in each category found at that 
site. 

The ubiquity pattern of plants high in both iron and vitamin C conforms well 
with the expected pattern. In contrast, ubiquities of plants that are high in just one 
of these nutrients do not pattern clearly, but instead seem to vary independently 
from the artiodactyl index. This is not surprising given that iron from plants is 
much less bioavailable in the absence of vitamin C. Prehistoric Southwestern farmers 
appear to have gathered wild plants that provided both iron and vitamin C in the 
same “package.” 

To assess the degree of correlation between the artiodactyl index and both the 
average and the sum of the ubiquities of plants high in both iron and vitamin 
C, we calculated Spearman’s rank order correlation coefficient, rho. Rho is a non- 
parametric measure of correlation similar to Pearson’s r. The values for rho range 
from 1, a perfect correlation, through 0, no correlation, to —1, a perfect inverse 
correlation. For the average ubiquity rho was —0.915 and for the sum of ubiquities 
rho was —0.806. These values indicate a strong inverse relationship between the 
ubiquities of plant species high in iron and vitamin C and the artiodactyl index. 
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TABLE 8 Bean ubiquities at aggregated sites.! 


Site Bean Ubiquity” 
Mimbres Salado 2.3 
Rowe 0.0 
Pueblo Colorado 12.0 
Guadalupe 0.0 
Gran Quivira 10.0 
Mimbres Classic 0.0 
Galaz 0.0 
Arroyo Hondo 8.6 
Pueblo Alto 2.0 


! Sites are listed in descending order of artiodactyl index value. 
2 Bean ubiquity = No. of samples containing beans/total no. samples. 


TABLE 9 Ubiquities!of wild plants at aggregated sites.” 


Site N 1+C avg. sum n lavg. sum n Cavg. sum 
M. Salado 4 24.4 97.6 1 23 230 00 0.0 
Rowe Pueblo 3 156 46.70 00 000 00 0.0 
P. Colorado 4 205 82.0 2 15.5 31.0 1 35.0 35.0 
Guadalupe 2 30.6 61.1 2 25.0 50.0 2 13.9 27.8 
Gran Quivira 3 24.7 74.0 1 12.0 120 2 7.0 14.0 
M. Classic 4 30.7 122.9 1 143 143 2 58 11.5 
Galaz Ruin 4 39.0 1560 3 83 25.0 1 13.0 13.0 
Arroyo Hondo 3 36.2 10863 25 75 2 18 3.5 
Pueblo Alto 5 37.2 186.0 2 225 450 2 7.5 15.0 
Chaco Villages 4 51.6 206.2 2 11.2 22.3 2 36 7.2 


a a a aa ae ee 
1 The average ubiquity for each wild plant category found at a site was calculated 
by adding the ubiquities for each species within a category and dividing that 
figure by the number of species in that category at the site. The sum of ubiquities 
for each wild plant category found at a site was calculated by adding the 

ubiquity values for each species within a category. 

2 I + C = High iron and vitamin C plants. 

I = High iron plants. 

C = High vitamin C plants. 
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CONCLUSIONS 


In this chapter we have compiled a preliminary body of data concerning a variety of 
strategies that prehistoric aggregated farmers in the Southwest might have chosen 
when faced with relatively low access to large game. While trade in meat remains 
a possibility, it is not well documented beyond the eastern border of the Pueblo 
world. In part this is because such trade is difficult to identify when the species 
traded are the same as those hunted locally, and if meat is traded largely without 
bone. Trace element and isotopic analysis of faunal bone from archaeological sites 
will be necessary to document movement of animal bone across the Southwestern 
landscape. 

Our initial findings are that turkeys were definitely an important source of 
protein for many late prehistoric Rio Grande and Colorado Plateau farmers. The 
exceptions were the Salinas Pueblos, who may have obtained adequate supplemen- 
tary meat through trade. The Sonoran Desert farmers did not raise turkeys, and 
very small game is likely to have been a more important source of protein for them. 

We also considered plants that could have been used to supplement a meat- 
poor diet. With respect to beans, there is no evidence for a greater emphasis on 
bean production at sites with low artiodactyl indices, despite the fact that beans 
provide amino acids that are missing in corn and could make up for the deficit in 
iron that a lack of meat would have created. 

There is, however, compelling evidence that wild plants higher than corn in 
iron and vitamin C content were more extensively harvested at sites with lower 
artiodactyl indices. It would be unwise, however, to place too much emphasis on 
the iron and vitamin C content of these plants without further information. It will 
be important, for example, to determine whether ubiquities of these wild plants 
correlate directly with their densities in the wild. Moreover, plants provide other 
important nutrients, such as calories, which may also have been dietarily significant, 
particularly at times when corn was in short supply. Thus, the use of wild plants is 
likely to have satisfied multiple nutritional needs. 

To conclude, variability in access to large game appears to have been signifi- 
cant across the Southwest. While this variability may not have had the impact on 
prehistoric populations that success or failure in crop production had, nonetheless 
several strategies appear to have been developed to cope with relatively limited 
access to meat. These strategies have important implications for diet, health, and 
subsistence organization in the Southwest, which will require interdisciplinary re- 
search efforts to document and explain. For example, an analysis of the health of 
individuals from each of these sites would allow an evaluation of our conclusions 
based on dietary data alone. We look forward to a time when in-depth bioarchaeo- 
logical analyses (e.g., Martin et al. 1992) and synthetic studies of prehistoric dietary 
data (e.g., Wetterstrom 1986) can be integrated into a more complete and accurate 
assessment of diet and health in the prehistoric Southwest. 
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Technological Strategies Responsive to 
Subsistence Stress 


Subsistence stress is a common explanation for changes in economic and so- 
cial patterns inferred from the archaeological record of the prehistoric Southwest. 
While some attention has been paid to technological strategies for intensifying cul- 
tivation, little effort has been made to go beyond this limited aspect of technology, 
and explore how a range of technological behaviors may have been responsive to 
subsistence stress. In this chapter, I discuss how strategies of technological behav- 
ior may address the risks of shortfall in provisioning people with food resources. 
I examine the technology of daily life rather than major technological systems, 
such as irrigation or transportation systems, although the strategies that I discuss 
should be relevant to analysis of these. This chapter explores new ways of examining 
technology; my discussion combines ecological notions about economic responses to 
provisioning risks and resource stress with theories about the design of technology. 

I use the term risk along with stress because stress is the realization of poten- 
tial risks of a pattern of land use. The literature of evolutionary ecology contains 
abundant information about how animals respond to risk and many models of opti- 
mal responses, some of which have been applied to understanding human behavior 
(e.g., Cashdan 1990). In human societies, technological knowledge as well as other 
cultural domains of information add dimensions to the potential for humans to re- 
spond to risk and stress. I focus on technology because it is the facilitator of many 
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social and economic decisions about how to adapt to and manipulate the environ- 
ment. These decisions are implemented through the construction and use of houses, 
hearths, tools, weapons, containers, among many classes of material culture. 

This chapter has three parts. The first establishes the context of the study 
with a consideration of some of the risks or potential points of subsistence stress of 
prehistoric hunting, gathering, and cultivation in the North American Southwest. 
This section also includes a review of ecological views on potential responses to these 
kinds of stresses. In the second section, I examine possible technological behaviors 
that facilitate the responses to risk identified in the first section. Every effort is made 
to discuss the material implications of these technological behaviors. In discussing 
tools and weaponry, implications for the form of the stone elements are emphasized. 
The final section is an examination of changes in the manufacture and use of stone- 
tipped weapon technology during late, ceramic-period occupations in the Southwest 
as evidence of technological strategies for responding to subsistence risks. Preceding 
these three sections is a brief discussion of terminology. 


DEFINITIONS 


Risk is defined in many different ways (see Cashdan [1990] for examples and much 
discussion), but I use Winterhalder’s discussion of subsistence risk as a definition: 
“the possibility of harmful shortfalls . . . induced by unpredictable or stochastic 
factors in [the] environment” (1990:67). As pointed out by Hegmon (1989:90) and 
by Bamforth and Bleed (1991), risk has two aspects: the probability of failure and 
the cost of the loss. Torrence (1989:59) refers to the latter as the severity of loss and 
notes that “...the level of investment into technology will be determined by the 
severity of the consequences of losing the resource,” among other variables. In this 
volume, our discussions focus on loss that is costly enough to result in subsistence 
stress. The role that technology plays in managing risk and resolving stress is in 
reducing the probability of failure (Bamforth and Bleed 1991). “As the consequences 
of the loss of a resource increase, one can expect that more effort will be put to 
devising technology for exploiting it” (Torrence 1989:59), that is for reducing the 
probability of failure. 

Technological organization, a phrase used primarily among lithic technologists, 
refers to the relationship among strategies for manufacturing, manipulating (using, 
reusing, reshaping), and abandoning (losing, discarding) material items (Nelson 
1991:58 from Koldehoff {1987:154], Kelly (1988:717], and Binford [1977]). It includes 
the actors’ knowledge about, as well as behavior within, these domains (Schiffer 
and Skibo 1987). The knowledge base of any technology is considerably broader 
than the behavior exemplified at any one point in time. Behavior changes through 
technological innovation (change in the knowledge base), or by modifications of 
economic and social or other cultural strategies that influence the implementation 
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of particular technological strategies from the pool of available knowledge. The 
stimuli for economic and social change are many, but in this volume we have chosen 
to examine stress in provisioning people with food as one important stimulus. 

From a systemic perspective, technology and these other social, economic, po- 
litical, and ideological domains are interrelated components of cultural systems. 
While archaeologists have given their attention to major innovations in technol- 
ogy (e.g., domestication and irrigation), both selection and innovation in the more 
mundane technological strategies employed in manufacturing, using and abandon- 
ing items (ceramics, stone, and bone tools), or features (hearths and houses) have 
received relatively little attention. Such mundane technological strategies become 
more interesting when we realize the ways that their accomplishment is determined 
by other cultural domains. For example, horticulturalists who are seasonally mo- 
bile may design, produce, use, and abandon tools and houses in ways that are quite 
different from those of horticulturalists who remain residentially stable throughout 
the year. Similarly, groups with restricted social networks may design, produce, 
use, and discard trade items in ways different from groups with extensive social 
networks. Technological strategies intervene between other cultural strategies and 
the surrounding material conditions. 

We cannot assume that people always act(ed) efficiently, optimally, or even in 
their own interest. When resources are relatively abundant, it is difficult to model 
how people may have behaved except at the most general level of provisioning 
themselves sufficiently. It is difficult to model technological strategies because the 
costs of technological failure are low under conditions of resource abundance or 
lack of food stress (Bamforth and Bleed 1991). However, at times when resources 
are limited, not only is the cost of failure increased, but time spent making tools, 
weapons, and facilities may conflict with important time spent acquiring or pro- 
ducing food (Bamforth and Bleed 1991). Under these conditions, the technological 
options are clearer. “Technology...represents a solution to the problem of man- 
aging risk” (Torrence 1989:57), of reducing the probability of technological and, 
therefore, subsistence failure. 


SOME ECONOMIC AND SOCIAL RESPONSES TO 
SUBSISTENCE RISK 


In order to discuss technological changes that are responsive to subsistence stress 
it is necessary to identify the kinds of stress and possible social and economic 
responses that occurred in the prehistoric North American Southwest. These include 
the possible stressors affecting hunting, gathering, and cultivation at various levels 
of investment. 

The North American Southwest is a seasonal environment, with the most ex- 
treme variability evident in montane areas because of the varied topography. It is 
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also an environment of relatively low productivity, primarily due to low precipi- 
tation levels throughout much of the region. Precipitation and, therefore, resource 
productivity, varies among mountain, plateau, and desert settings (Cordell 1984). 

For hunter-gatherers, environmental seasonality requires a shifting annual cycle 
of resource selection (Kelly 1983; Low 1990). It may also imply that high elevations 
cannot be occupied during winter, without sufficient storage, because of the paucity 
of resources. The low productivity of most regions in the Southwest indicates that 
for hunter-gatherers, resource stress can be brought on by population increases 
or by periods of especially low productivity due to climatic change or fluctuation 
(drought, freezing). 

For cultivators who hunt and gather, seasonality implies a limited time frame 
for cultivation, requiring food storage and dependence on noncultivated resources 
for some portion of the annual cycle. Under the general conditions of relatively low 
average precipitation and natural productivity, stress can occur with population 
increase, decline in soil productivity, or climatic change (short or long term), among 
many other factors. The occurrence of such conditions and their effects have been 
discussed in great detail in the ethnographic and archaeological literature of the 
Southwest (e.g., Graves et al. 1982; Hegmon 1989; Minnis 1985a; Rautman 1993). 

In the literature of evolutionary ecology and archaeology dealing with stress and 
risk of shortfall, a variety of responses are considered. These include specialization, 
diversification, and risk pooling, among others. Resource specialization is a focus 
on one or a few resources at the expense of others. This strategy is implemented 
to increase the upper range of potential returns from that resource and, therefore, 
raise the mean expected returns to bring them up to the threshold of needs. Win- 
terhalder (1990:76) argues that restricted diet breadth (specialization) should occur 
under conditions of higher energy requirements than can be expected from the en- 
vironment on average. With this strategy, the actors may become variance-prone 
(Hegmon 1989:93) as a consequence of increasing the likelihood of being above the 
threshold of food needs some of the time. In the Southwest, maize is one of the few, 
or perhaps only, resources that can become the primary focus of subsistence activ- 
ities. One or a few naturally occurring plants and animals may not be productive 
enough to become the focus of subsistence, and archaeologists have argued that 
prehistoric hunter-gatherers moved seasonally between resource zones (Wills 1988). 
In a cross-cultural study, Low (1990:247) found that storage is most common in 
predictable environments. Maize may be the most predictable resource available in 
the Southwest, and Wills (1988) documents an increase in use of storage facilities 
with the early adoption of maize cultivation. 

Diversification can occur in two ways. Groups may stay focused on one or a 
few resources and diversify their procurement techniques, such as planting in mul- 
tiple environments (Winterhalder 1990; Hegmon [1989] summarizes literature on 
the Hopi: Minnis [1985a] describes this for the prehistoric Mimbres; Fish, Fish, and 
Madsen [1985] describe prehistoric Hohokam in the Tucson Basin; Graves et al. 
[1982] note this practice in the Point of Pines area), distributing planting times 
(Hegmon [1989] for the Hopi), planting different varieties of a kind of cultigen 
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(Baksh and Johnson 1990; Hegmon 1989), employing direct and indirect techniques 
for capturing game or fishing (Baksh and Johnson 1990), or trading for a target 
food (Graves et al. 1982; Low 1990; Spielmann 1983). These strategies are employed 
in conjunction with specialization on one or a few kinds of resources. Alternatively, 
groups may diversify by broadening the kinds of resources that are exploited (Baksh 
and Johnson 1990; Reid 1978; Winterhalder 1990). This reduces the effect of tempo- 
ral variation in productivity of any one resource. However, expanding diet breadth 
may reduce procurement efficiency and, therefore, reduce the mean intake of indi- 
viduals (Hames 1990:95; Winterhalder 1990). If an increase in diet breadth can be 
accomplished without decreasing the time spent on previously procured resources, 
and therefore the yields from them, then mean intake may be increased even though 
efficiency is reduced. 

Specialization and diversification are economic decisions intended to ameliorate 
stress or reduce the risk and cost of shortfall. Implementation of any one strategy 
depends on a variety of ecological and cultural conditions that I do not explore 
here. Rather, I examine the technological strategies that would be evident given 
the implementation of one or the other of these economic strategies. 

There are also social strategies for dealing with stress or risk of shortfall (Braun 
and Plog 1982; Graves at al. 1982; Hegmon 1989; Rautman 1993; Wiessner 1982, 
1983). One of these is pooling resources or “pooling risk” within the resident group 
(Baksh and Johnson 1990; Cashdan 1980; Hegmon 1989; Winterhalder 1990). Those 
who study foraging societies have documented extensive, generalized intra-group 
sharing and reciprocity (e.g., Cashdan 1980, 1983; Woodburn 1982), while the 
intra-group sharing patterns of cultivators and sedentary hunter-gatherers are more 
limited (Baksh and Johnson 1990; Hegmon 1989:92). According to Winterhalder, 
pooling is an effective way to circumvent the shortfalls of individual diet selection, 
but “major gains in risk reduction occur for relatively small group size” (1990:79; 
see also Hegmon [1989:104-105}). 

Within foraging societies, conditions of the environment influence sharing group 
size. Cashdan (1983) has argued that for hunter-gatherers, the productivity of the 
natural environment is correlated with social access to the resources of that area. 
Where productivity is low and resource areas are large, social access is restricted. 
This is accomplished not through defense of physical territory, but through social 
limits on who has access to the resource pool. In other words, under conditions of 
fairly high risk of shortfall, the composition of the sharing group is restricted. 

Hames (1990:96-97) argues that cultigens may be shared less often than wild 
resources, especially game, for at least two reasons. First, the risk in production 
of cultigens is less than the risk in hunting. Second, preservation is less costly for 
cultigens than for meat. Thus, storage for individual households is a more viable 
option for cultivators to hedge against shortfall than it is for hunters. Although 
Hames’ opinion is derived from his study of tropical horticulturalists, his conclusion 
may apply to the Southwest, as well, if cultigens are a more predictable resource 
than are game. It has been argued that cultivation developed in the Southwest to 
enhance the predictability of food resources and reduce subsistence risk (Cordell 
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and Gumerman 1989:8-9; Hunter-Anderson 1986; Wills 1988; Wills and Huckell 
1994). While the productivity of cultigens is influenced by the unpredictability 
of precipitation, so is the productivity of game. The location and potential yield 
of cultigens is managed by groups, while the location and abundance of game is 
generally not. 

Hegmon (1989) argues that sharing among prestate, nonpeasant cultivators is 
an important strategy for responding to risk, but that the size of sharing groups 
is small as among hunter-gatherers. In various simulations, modeling the effects of 
possible social responses to food shortfalls, she uses a group size of five households 
(effectively 35 people) and finds that restricted sharing (only of household surplus) 
reduces the risk of shortfall more substantially than does pooling of all yields, ex- 
cept under the most extreme conditions (see also Hegmon [{1995]). Comparing the 
different effects of time delays for resource returns on sharing patterns between 
hunting-gathering and cultivating groups, Winterhalder (1990) argues that for re- 
sources with considerable delay in returns, such as cultigens, pooling and sharing 
are problematical. It is too easy, he argues, for some individuals to shirk their re- 
sponsibilities to the group when there is no regular short-term assessment of who is 
contributing, as occurs with daily hunting and gathering. Thus, while intra-group 
sharing occurs within both hunter-gatherer and cultivator groups (at least those in 
prestate, nonpeasant societies—see Hegmon [1989]; Winterhalder [1990]), sharing 
groups must be relatively small and sharing is less generalized among cultivators. 

Another response to actual or potential shortfall is to pool and share resources 
or risk over a broad area. This may be accomplished by maintaining broad regional 
contacts and reciprocal access (movement or trade) with areas that are expected 
to be productive when one’s own region is experiencing a resource shortfall (Smith 
and Boyd 1990; Rautman 19930; Winterhalder 1990:79). Low (1990:247) argues 
on the basis of a cross-cultural study of environmental risk that the more unpre- 
dictable in time are fluctuations in food supply, the more broadly-based regional 
trade alliances should be. Smith and Boyd (1990) model the costs and benefits of 
long-distance sharing. They observe that moving resources is considerably more 
costly than moving people. Their model focuses on the latter, considering the con- 
ditions under which allowing access to one’s territory is cost effective. They find 
that three factors influence the decision to allow access: payoffs must be monotoni- 
cally increasing as a function of food harvest, the cost of defense must be less than 
the cost of allowing access, and the probability of the neighbor’s area failing must 
not be high (Smith and Boyd 1990:187). Rautman (1993) has emphasized the third 
criterion, using contemporary climatic data to develop models of appropriate access 
areas for prehistoric horticulturalists in the Gran Quivira area (see also Rautman 
1995). 

While social strategies for reducing risk are at least as important as economic 
responses, in the next section I restrict my consideration of technological strategies 
to those that facilitate the two economic strategies described above: specialization 


[]See also the chapter by Rautman in this volume 
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and diversification. Less attention has been paid to the relationship between tech- 
nological and social strategies, but the work of Wobst (1977), Plog (1978), Hill 
(1985), and Wiessner (1982, 1983), among others, can be used to begin modeling 
relationships relevant to subsistence stress and risk. 


TECHNOLOGICAL STRATEGIES 


To understand how technological strategies reduce the probability of failure under 
conditions of risk and stress, four design concepts are used which combine consider- 
ations of tool and facility production and use: reliability, flexibility, versatility, and 
portability (for a detailed discussion see Bleed 1986; Nelson 1991; Shott 1986; Tor- 
rence 1990). Reliability directs production and use toward the lowest probability of 
technological failure, avoiding breakage and assuring fit between task and tool. High 
investments are made in production and tools are expected to have long use-lives. 
Flexibility emphasizes lowering the probability of resource loss by building in the 
capability for a tool or facility to change form according to variable needs. Versatil- 
ity serves a purpose similar to that of flexibility, but the design is multifunctional or 
generalized without changes in form. Portability directs production toward designs 
that result in tools that can be moved easily so they are available when needed. 
This minimizes the risk of loss from lack of available technology. All of these op- 
tions contribute to effective use of resources, but in different ways. Similarly, all 
design variables are beneficial, but all have costs. The optimal tool form combines 
these design options in ways that suit economic and social strategies. It is a jug- 
gling game of weighing advantages and disadvantages. At the least, all tools and 
facilities must be designed to perform the work to which they are applied. This can 
be accomplished in many ways depending on a variety of other conditions for tool 
design including (but not exclusively) mobility strategies, availability of resources, 
physical context of work, social context of work, in addition to risk. While I discuss 
responses to risk and stress, these should not be considered the only conditioners 
of technological strategies. 

In this section, I discuss the kinds of technological strategies that would fa- 
cilitate economic strategies of resource specialization and diversification. Hunting, 
gathering, and cultivating practices are considered. Cultural conditions are as im- 
portant as ecological, therefore I target my discussion only to one phase in the 
prehistory of the Southwest. I address the phase of intensive cultivation, which 
occurred after A.D. 900, when cultigens formed a substantial portion of the diet 
(Matson and Chisholm 1986; Minnis 1989). Expectations for hunting and gather- 
ing in this context may be different from those for people who hunt and gather 
exclusively, or who cultivate only casually because of differences in mobility and 
demography. 
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SPECIALIZATION 


Specialization involves a focus on one or a limited number of resources. Acquiring as 
much as possible of these few resources is the primary objective. In the Southwest, 
specialization on cultigens is perhaps most likely, but intensive cultivators may also 
have narrowed their game selection or wild plant acquisition as a risk minimizing 
strategy. All of these are explored. 

For a specialized resource focus, in general, facilities that improve resource 
yield or the longevity of resource storage are important (Hegmon 1989:90; Torrence 
1989:59; Wiessner 1982:172-173). Tool use-efficiency in capturing and processing is 
critical for this subsistence strategy because of the emphasis on acquiring as much 
as possible of a limited range of resources. Tool reliability is important, as well, in 
order to maximize resource acquisition by minimizing the possibility of tool and 
weapon failure. These technological strategies would be valuable regardless of the 
economic strategy, but for resource specialization they are critical. 

To improve resource yields in the semiarid environment of the Southwest, access 
to water is a critical variable. Any specialized subsistence strategy should involve 
efforts to improve access to water for humans and for the resources targeted, thus 
reducing risk of subsistence failure. Assess to water can be improved by digging 
out springs or damming creeks to create small pools, and by channeling water. 
Pooling and damming should have occurred only on a small scale, as evaporation 
is a problem. Seeing these technological strategies archaeologically is difficult but 
not impossible. 

Dependable storage is necessary to any specialized resource focus in a seasonal 
environment such as the Southwest. Watson (1991:191) states that storage is evident 
in the Southwest as well as other regions prior to extensive or intensive investment 
in agriculture. Excavation has yielded limited evidence of pit storage (Wills 1988), 
but no specialized structures or vessels used for storage prior to the adoption of 
cultigens in the the Southwest. However, Young (1992), in a cross-cultural study of 
ethnographic documentation on Southwestern native groups, finds that pit storage 
was common among the most mobile groups as was caching in rockshelters. These 
strategies allow stores to be concealed when occupants are away from a site. Pottery 
was used along with skin bags to store food in shelters. 

The tools and weapons used by resource specialists should be use-efficient and 
reliable. “The most [use-]efficient tools are those designed to undertake only a very 
limited range of functions” (Torrence 1989:61, word added). Thus specialized forms 
are expected. Such specialization may result in a diverse tool assemblage, which 
is not easily transportable. With a focus on one or a few resource areas, however, 
transportability is not a critical variable. Reliability assures that tools and weapons 
work when needed (Bleed 1986). It is accomplished by investing in the production of 
items, so that they do not break or fail to work. Design considerations may include 
selection of special materials, overdesigned parts, and multiple backup elements 
(Bleed 1986). Reliability is most crucial for hunting weaponry because failure of 
a tool to work immediately can result in loss of the game (Bamforth and Bleed 
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1991; Torrence 1989). Tool designs that emphasize specialization and reliability 
may take longer to manufacture than do those that are generalized because of the 
emphasis on producing specific forms with durable qualities. Reuse and repair of 
these specialized, reliable tool forms may be expected in order to compensate for 
initial investments in manufacture (Binford 1979; Nelson 1991). With such attention 
to reliability, use-efficiency, and investment of production time, tool and weapon 
forms may be fairly standardized. 

These general statements about technological strategies for increasing produc- 
tivity, improving storage, and assuring capture and processing of resources are 
discussed for specialized emphases on cultivation, hunting, and gathering by pre- 
historic horticulturalists. 


CULTIVATION. Water control features greatly enhance the yield of cultigens in the 
Southwest. Field modification features to compensate for cold air drainage or po- 
tential frost also enhance yields. For the late prehistoric phases in the Southwest 
a variety of field modification and water control facilities suited to many different 
potential field areas have been documented (e.g., Cordell 1984; Fish, Fish, and Mad- 
sen 1985; Herrington 1979; Vivian 1974). For example, in the Mimbres and Point of 
Pines areas at the height of population aggregation, a wide range of damming and 
channeling facilities were developed (Graves, et al. 1982; Herrington 1979). Modifi- 
cation of springs has received little attention in the Southwest, but Meltzer (1991) 
has identified it archaeologically at Mustang Springs on the southern High Plains, 
indicating that it can be detected. Water channeling and pooling would improve 
the yields of wild plant and animal resources as well as those of cultigens. 

Storage is a necessary technology for specialization on cultigens in the South- 
west. Young (1992) notes that increased sedentism, which occurs with development 
of cultivation, is correlated with more storage, greater variety in storage facili- 
ties, and more conspicuous facilities. In the Southwest these might include special 
structures, rooms, vessels, racks, and pits. Storage rooms are a common puebloan 
occurrence associated with increased investment in agriculture. Greater attention 
could be paid to identifying storage vessels and racks. 

Ceramic vessels make excellent storage containers because they can be sealed 
against small animals. Where ceramic vessels were used for storage of cultivated 
grain, permeability may have been important to protect against spoilage. Vessels 
can be made permeable through appropriate tempering material, low firing tem- 
perature, and lack of surface treatment such as burnishing or smudging (Skibo 
and Schiffer, personal communication, 1992). It is possible that specialized storage 
vessels were never produced in the North American Southwest. Among the Maya 
in San Mateo Ixtatan in the Guatamala Highlands, who invest heavily in maize 
agriculture, food is stored in vessels that have cracked in manufacture, or use, or 
are newly manufactured cooking jars, as yet unused for that purpose (personal ob- 
servation, 1980). However, the context of resource specialization is one in which 
manufacture of specialized storage vessels might have occurred. 
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With increasingly specialized economies relying on cultivation, the design of 
tools associated with cultivation should change toward increased reliability and 
use-efficiency. Cultivation tools are difficult to see archaeologically because many 
were wood. At least two kinds of stone tools, however, can be considered: stone 
axes and grinding stones. 

Where felling trees for field clearing and construction of storage facilities is 
important to increasing emphasis on cultivation, axes should be made to be more 
reliable and efficient. Axes, as with projectile points, can be made more reliable 
and efficient through selection of durable material, large size, haft strength, and 
careful grinding (see Christenson [1987] for projectile points). Dense metamorphic 
rock is excellent for withstanding the potential shock of impact imposed on an axe. 
However, stone that can effectively withstand impact is difficult to shape; thus, 
production time is greater when more durable materials are used to increase the 
reliability of an axe. Within limits, larger axes provide greater weight behind each 
blow, decreasing the time needed to fell trees. Larger axes can also be repaired and 
resharpened more times, improving the use-life and decreasing the number of axes 
that need to be made. In addition, thickness enhances tool reliability by decreas- 
ing the likelihood of breakage during use, although thickness may interfere with 
the sharpness of a tool (see Nelson [1981] for a discussion of this relationship for 
stone tools). Haft strength may be improved with attention to the neck of the axe. 
While I do not have any information specifically on securing axe hafts, Christenson 
(1987:145-147) has argued that hafting is made secure on projectile points by max- 
imizing contact of the point with the seizing. Thus, on projectile points, the stem 
and base are made wide. However, projectile points are an extension of their shaft, 
while axes are hafted perpendicularly to their handle. A deep, full groove may be 
most amenable to secure hafting for axes. While hafting improves the reliability 
of an axe, grinding may improve its use-efficiency. Boydston (1989) has described 
axe finishing by grinding as a time-consuming activity, especially in comparison 
to chipping tool edges, but he argues that as the uses to which axes are put be- 
comes crucial to subsistence, the investment in grinding is returned in the improved 
efficiency of the tool. As noted above, the emphasis on production of efficient, reli- 
able designs may result in standardization of axe forms. Such standardization may 
not be evident in axe length or weight because reuse and reworking are expected 
(Nelson and Lippmeier 1993). In short, expectations for the design of stone axes 
that facilitate specialization on cultivation include increased size, deeper and fuller 
grooves, use of dense material, and extensive edge grinding. 

The data set with which I am most familiar is from the Mimbres Valley, south- 
western New Mexico. The largest axes found are those made during the Classic 
Mimbres period, when cultivation was most extensive. These were made almost 
exclusively of greenstone, an extremely hard, dense metamorphic rock local to the 
area. Greenstone flake debitage is most frequent in deposits from this period. In the 
Mimbres, these indicators of emphasis on reliability of axe design imply increased 
use of stone axes. Other evidence confirms that the increase was during a period of 
intensive and extensive plant cultivation (Minnis 1985). 
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Axes occur in household contexts and burials. Boydston (1989), in reference to 
ground stone axes in New Guinea, notes the interrelationship between the utilitarian 
and social values of highly specialized tools. Not only are they efficient, but well- 
made objects can become symbols of power and rank and gain value as exchange 
items. In an exchange system they may serve as a way to store wealth that can be 
traded for food in times of need (Boydston 1989:75~76). 

Food grinding technology should also change with a shift toward specialized de- 
pendence on cultigens, particularly maize. Grinding tool and facility designs should 
be improved in use-efficiency to decrease the per unit time spent processing maize 
(Hard 1990; Lancaster 1983; Mauldin 1991). In addition, grinding tool design should 
have been reliable, to decrease breakage potential. Robert Hard (1986, 1990) has 
written extensively on grinding efficiency, discussing the advantage of staged grind- 
ing, mano form, and mano length. Multistage grinding is especially efficient; this is 
achieved through manufacture of grinding stones of different textures. In the Mim- 
bres area these are vesicular basalt for the coarse grind, rhyolite for the medium 
grind, and sandstone for the fine grind. This kind of three-stage grinding is com- 
mon in the late pueblo periods. Hard has also argued that finger grooves in manos 
make them easier to grasp, improving grinding efficiency. Finally, mano length is 
related to grinding efficiency, as it is one way to increase the surface area of manos. 
Hard has examined a variety of ethnographic cases of maize grinding and found a 
close correlation between the amount of maize consumed and mean mano length 
(Hard 1990). I would argue that to increase the reliability of these grinding tools, 
thickness is also important. Thicker manos and metates have a longer potential 
use-life because they can be repecked over a longer period and break less often. 
Christenson (personal communication 1995) suggests that finer grinding resulting 
from multistaged processing reduces cooking time and correlates with fuel shortage. 
Thus, this grinding technology is more efficient but only in the “context of labor 
management.” 

A third kind of tool may have facilitated specialization on cultivation. Vessels 
designed to cook slowly for a long time would be best suited to maize cooking 
(Braun 1983). They would also allow household cooks to engage in other activities 
without much concern for damage to cooking food. The work of Skibo, Schiffer, 
Blinman, and Wilson (1991) on performance characteristics of cooking vessels will 
allow us to recognize such changes in ceramic technology. Arnold (1985:144) has 
noted that spherical forms and those that are fired at relatively high temperatures 
are more resistant to thermal shock and therefore should be less likely to break in 
use. Concommitant change in grinding and cooking technology is consistent with 
Christenson’s view of technological change in maize processing. 

Because cultivators also hunted and gathered, they may have specialized by 
restricting the plant and animal species they exploit. This strategy should be evident 
in the use of facilities (water channeling devices, storage features) that increase 
the productivity and storage potential of wild resources and in the production of 
reliable, efficient, standardized tools and weapons. These are considered below. 
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HUNTING. If cultivators responded to stress by specializing on one or a few game 
species, facilities or methods for increasing the productivity of the target resources 
should have been used. Facilities that improve the predictability of an accurate 
hit reduce the chance of loss (Myers 1989:87-90). These may be tended facilities, 
which work for hunters when they are present, or untended facilities, which work 
when the hunters are not present. Hunting blinds (tended facilities) allow hunters 
to reduce the distance between themselves and their game. Channeling devices re- 
duce the spatial distribution of game, both decreasing the distance between game 
and hunter and reducing escape potential for the game. These tended facilities 
are effective for group hunting by driving game. While group hunting does not 
require tended facilities, capture efficiency is improved through their use (see Ka- 
plan, Hill, and Huertado [1990] and Hill and Hawkes [1983] for a discussion of Ache 
group hunting, Baksh and Johnson [1990] for a discussion of group hunting by 
the Machiguenga, and Wilkie and Curran [1991] on Mbuti net and bow hunting). 
Traps, which are untended facilities, multiply the simultaneous capture opportu- 
nities of hunters (Winterhalder 1990:86). Traps are valuable in contexts where the 
spatial variability of resources is high (Torrence 1989:60) and there are scheduling 
conflicts among valuable resources. In the Southwest, artiodactyls, which are a pri- 
mary medium-to-large game resource, are most concentrated and in best condition 
in the fall, which is also when cultigens must be harvested. 

Hunting blinds and drives are visible archaeologically as alignments of rock, 
but are difficult to date. Nets and most trap components are less visible, because 
they are most often made from perishable material. Artifact collections from dry 
shelters and caves, where perishables are preserved, may be useful for understanding 
technological strategies of hunting. A detailed account of the variety of facility-aided 
hunting techniques employed in North America is provided by Anell (1969), and 
may be an excellent source for beginning to identify facility use in the Southwest. 

The tools and weapons of specialized hunting are expected to be reliable, 
use-efficient and standardized. As discussed above, reliability may be achieved by 
overdesigning the haft. Secure, thick hafting elements on stone points insure against 
point breakage and loss. Christenson (1987:145-147) argues that hafting is made 
secure on projectile points by maximizing contact of the point with the seizing. 
Wide stems and wide bases provide this contact. Side notching provides a secure 
hafting element, as has been noted for Southwestern projectile points by Jelinek 
(1967:110) and Kidder (1932:22). Also, stem length adds security to a haft (Chris- 
tenson 1987:147; Jelinek 1967:11). Tool thickness and basal grinding of the stem 
improve reliability. The thickness of a tool contributes to its reliability because 
breakage is less likely to occur during use. Basal grinding of projectile points pro- 
tects the shaft from splitting on impact by contact with the sharp base of the point 
(Christenson 1987:148). 

These investments in stone point design may result in production of larger 
points that can be reworked. Investments in production can be recovered by reusing 
and reworking a tool (e.g., Binford 1979; Nelson 1991). Production investment also 
suggests selection of durable, knappable material. As Nelson (1981) and Horsfall 
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(1987) discuss, these characteristics tend to be inversely related. The most brittle 
material, obsidian, is least durable and the least workable materials, some meta- 
morphic and igneous rocks are most durable. Goodyear (1989) has noted that cryp- 
tocrystalline material is well suited to projectile point manufacture and use. It is 
easily knapped and relatively durable. 

Recovering investment in production through tool reuse assumes that tools can 
be recovered after use. Flenniken and Raymond (1986) note the high breakage rate 
for projectile points, but also observe through replication experiments that reju- 
venation is considerably more economical in time than manufacture. Experimental 
manufacturing of stone points required more than ten times the amount of time 
of rejuvenation (Flenniken and Raymond 1986:604). Though both require minutes 
rather than hours, frequent replacement does consume considerable time. In ad- 
dition, Flenniken’s figures do not include the amount of time required to rehaft 
new point tips or to replace shafts and foreshafts. Thus, efforts should be made 
to recover tools which have been made with extra production efforts in time and 
material. 

Recovery of projectile points for rejuvenation and reuse has implications for the 
form and context of their use. Sloping shoulders would allow removal from an animal 
more readily than barbed shoulders. Secure hafts and thick cross section would 
protect against breakage. The hunting context in which points can be recovered is 
limited to close shots. Distance shots would be unlikely strategies for use of points 
designed for recovery and reuse. Animal tracking, in which it is important for the 
point to remain in the animal to exacerbate bleeding, would not be a strategy 
suitable for recovering points. 

In short, relatively large, thick, sloping shoulder, wide-based and wide-stemmed 
points which are not made from glasses or dense rock would suit a specialized 
hunting strategy. 


GATHERING. It is difficult to imagine that specialization on one or a few wild 
plant resources would be an effective risk-reducing strategy in the Southwest. Two 
resources may have been emphasized: pinyon in the uplands, and agave in the 
desert. The productivity of both resources can be improved through attention to 
their growth needs. Manipulation of wild plants to increase their productivity by 
improving the growth environment will decrease the time and energy spent in ac- 
quisition and increase yield. Minnis (1985b) suggests that strategies to manipulate 
plant productivity were employed prior to full-scale cultivation in the Southwest.|2] 
Fish et al. (1986) describe the manipulation of agave in southern Arizona, visible 
in the stone mounds formed in agave gardens. The location of productive pinyon 
is somewhat unpredictable because of the long time span between years of cone 
production. Wills (1988) has argued that settlement in the uplands would aid in 
monitoring and controlling access to pinyon groves. Pinyon and agave may have 
been important staples or supplements because their location is more predictable 


[2]See also the chapter by Alan Sullivan in this volume. 
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than is that of game. However, in portions of the Southwest that receive most 
of their moisture through summer thunderstorms, locational predictability of ade- 
quately watered plant foods is low. For a specialist focusing on one or a few plant 
resources, this is further reason to manipulate their productivity and control access 
to them. 

Specialized focus on wild plants is difficult to identify through storage facilities 
and tools. The storage needs of many plants are similar, so that specialization on 
a few wild plant resources is not distinguishable on the basis of increased storage 
capacity among agriculturalists. However, agave roasting pits are a unique feature 
that would aid in recognizing agave processing. The tools employed for gathering 
would rarely be visible archaeologically because so many are made from portable 
material, but.agave processing knives may be identifiable (Fish et al. 1986). 

Economic specialization, thus, may have been implemented through the manu- 
facture and use of a variety of reliable, specialized, efficient tool forms as well as a 
variety of facilities for improving productivity and storage potential of food. While 
considerable investment in tool manufacture may have been required, it would have 
resulted in improved performance qualities. 


DIVERSIFICATION OF RESOURCES 


Diversification of resources involves an increase in the number of kinds of food 
acquired and consumed. With this subsistence strategy, the effect of variance in 
any one resource is reduced by dependence on many resources. Another way of 
viewing diversification is that variance in productivity of any one resource area is 
reduced by use of a variety of resource areas, spreading risk (Reid [1978] referencing 
Watt [1972:75-76]) and taking advantage of varied conditions (Bamforth and Bleed 
1991; Winterhalder 1989). 

During periods in Southwestern prehistory when agriculture was extensively 
practiced, two kinds of diversity may have developed. The first involves adding 
crops to the range of cultigens. This I have subsumed under specialization because 
of the focus on one class of resources. Ford (1981) discusses the relatively late in- 
troduction of beans, and other cultigens, at a time when maize formed a major 
part of the prehistoric diet. With this kind of change, a wider variety of cooking 
and storage vessels might have been needed, or designs that work well for cooking 
a range of kinds of food may have been advantageous. Attention to the perfor- 
mance characteristics of vessels (Schiffer and Skibo 1987) and efforts to evaluate 
multifunctional vessels would assist in addressing these points. 

The second kind of diversity involves expanding on the wild resources that 
are part of the subsistence inventory. While wild resources were exploited through- 
out the agricultural prehistory of the Southwest, dependence on greater variety 
may have occurred as specialization in cultivation was not providing adequate food 
(Reid 1973). For example, Graves et al. (1982) discuss an increase in the variety 
of game, especially deer, during unfavorable seasons of occupation at Grasshopper 
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Pueblo. I have discussed the same for the Classic Mimbres period in the Mimbres 
Valley (Nelson 1981). While failure of the specialized agricultural economy may 
have resulted in abandonment of regions (Cordell 1975; Fish, et al 1989), it also 
may have been responded to with addition of a more systematic dependence on wild 
resources, among other strategies. The development of agriculture may, in fact, have 
made diversifying the use of wild resources more feasible. Szuter (1995) argues that 
animal populations increase in size and diversity with the introduction of cultigens 
to an area. 

Diversification of wild resource use can be accomplished by adding onto the 
investment in cultivation, increasing the labor requirements of all members of so- 
ciety, and remaining in large aggregated settlements. Alternatively, it may be ac- 
complished by dispersion into smaller, more mobile groups that invest less in culti- 
vation. While the settlement and social strategies for diversification are of interest, 
there is not room to consider them in this chapter. I assume for discussion that 
the expanded range of wild resources was added to an intensive agricultural base, 
an assumption appropriate to the context of the agriculturally based, aggregated 
settlements of late puebloan prehistory. 

Hunting or gathering activities may compete with cultivation unless the re- 
sources used are those attracted to cultivated fields. Under conditions of low and 
spatially variable resources density, common in the Southwest, time invested in lo- 
cating wild resources can be considerable especially for mobile resources such as 
game (see Torrence [1983, 1989] for detailed discussion of time stress). Cultivators 
can approach the addition of hunting or gathering to their inventory of activities by 
specializing or by diversifying. Diversifying strategies favor variety over intensity 
and movement over spatial focus. More time is spent searching for food than in 
a specialized subsistence strategy (Bamforth and Bleed 1991; Winterhalder 1989) 
though processing for storage may involve less time. Facilities that decrease search 
time would be appropriate to this economic strategy. Further, the potential for un- 
certainty regarding the specific range of resources that may be encountered on any 
foraging trip is increased by the diversity of resources sought and areas exploited. 
However, uncertainty need not imply stress if technology is designed to respond to 
uncertainty. Versatile, flexible, portable tools and weapons are designed for variety 
and uncertainty. 

Facilities should be varied, but not in the same way as is expected for spe- 
cialists. The specialist’s assemblage of facilities is designed to approach one or a 
few resources with various strategies for insuring capture and productivity. The 
diversity of generalist’s facilities results from employing a variety of ways to ex- 
ploit different resources. For example, the generalist might employ different kinds 
of traps to encompass the variety of ways that different animals can be trapped, 
while the specialist might employ different traps designed to capture the same an- 
imal in different contexts. For a generalizing hunting strategy, facilities should be 
effective for capturing game of a variety of sizes and prey responses (scatter, cluster, 
freeze, fight). 
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Tools and weapons are expected to be generalized rather than diverse because 
of the demand for portability imposed by exploitation of a variety of resources. 
Numerous specialized tools for each exploited resource would comprise an over- 
whelmingly bulky collection. Tools and weapons that are general-purpose can be 
used effectively to respond to the variety of needs encountered in exploiting a wide 
range of plant and animal resources. As noted above, the potential for uncertainty in 
the timing of specific tool needs can be addressed with multipurpose tools (Jochim 
1989; Nelson 1991). Multipurpose design can be achieved through tool flexibility 
or tool versatility (Nelson 1991:70-73). Emphasizing flexible design insures that a 
tool can be reshaped easily to suit a variety of needs; versatility accomplished the 
same end with a generalized form. 

Large bifacial cores are both versatile and flexible. A variety of flake forms can 
be produced from them and their generalized form can itself be used in a range of 
cutting, chopping, and scraping tasks (Binford 1979: Kelly 1988; Morrow 1987; Nel- 
son 1991:72). This would be an excellent tool kit for butchering and for generalized 
foraging, as it contains both cutting and chopping elements. The flexible, versatile 
bifacial core is also easily maintained. Torrence (1989:63) notes that maintainability 
is important in contexts where there is variation in the number of times per forag- 
ing trip that a tool may be needed. Bifacial cores do occur with some regularity on 
Archaic sites in the Southwest, but to my knowledge, they are rare in assemblages 
from later periods, suggesting that generalized tool design may have been rare in 
the post-Archaic Southwest. Cameron (1987:113) records the presence of bifacial 
cores in Basketmaker II, Early Ceramic and Late Ceramic assemblages from Black 
Mesa as 8 to 11 percent of the core samples. More attention to identification of 
bifacial cores and examination of changes in their proportional frequency may aid 
in identifying the application of generalized technological strategies. 

Flexibility can also be achieved within tool kits by employing a modular design 
(such as the Swiss Army knife). Using replaceable foreshafts, different tool ends can 
be fitted to the same handle, but Ellis (1994:22) notes that the foreshaft adds a 
point of weakness. In the archaeological record, use of foreshafts might be evident 
in the same stem and base form on tools with different shapes of blade or functional 
element (Nelson 1991). I am not aware of any attempt to evaluate the use of this 
strategy in the prehistory of the Southwest. 

While a shift to generalized tool forms is expected in the tool assemblage of re- 
source generalists, hunting weaponry must always have some element of reliability. 
Failure of a weapon to perform quickly can result in loss of the game, which is not 
true for acquisition of plant resources (Torrence 1989). A design for stone-tipped 
weapons that incorporates a degree of both reliability and versatility emphasizes 
manufacture of multiple, parallel duplicates. Such weaponry might include numer- 
ous arrows of similar size, all of which can be quickly projected from the same 
bow. These arrows may be smaller than those of specialized hunters because ac- 
complishing versatility and reliability through access to numerous duplicate arrows 
or foreshafts could be cumbersome if each projectile was large. If arrow points are 
small, then shafts can be small and light (if fletched—see Christenson 1987; Parks 
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n.d.), facilitating transport of many arrows (see Nelson 1991:73-76 for discussion of 
transportability of tools and toolkits). Ellis (1994) has shown in an extensive cross- 
cultural study of hunting technology that stone tips of all sizes are effectively used 
to take animals the size of those hunted in the Southwest. However, Christenson 
(1987) and Parks (n.d.) argue, all else being equal, small points have less penetra- 
tion potential for slowing and killing large game, especially for distance shots (see 
also Browne 1940). Loss of penetration potential can be compensated by improving 
the draw power of the bow, which determines initial velocity of an arrow, and by 
modifying the form so that it cuts broadly into and stays in the animal, both of 
which exacerbate hemorrhaging (Christenson 1985; Parks n.d.). Barbs contribute 
to the killing power of a point by maximizing blade length and causing the point 
to remain lodged in the animal (Christenson 1987:145-148; Jelinek 1967:110). In 
addition, barbed points are difficult to remove because the angle of the shoulder 
tears at tissue as it is pulled out. This is especially important when hunters are 
tracking game after the animal is shot. 

Designing a point to stay in an animal has a cost. The point and the shaft or 
foreshaft are lost. While production of stone points is not very time consuming, 
manufacturing well-balanced, streamlined shafts is much more so (Keeley 1982; see 
Flenniken [1986] for the differential in time spent rejuvenating as opposed to manu- 
facturing new stone points). However, loose hafting can cause the point to separate 
from the shaft, leaving the point in the animal to exacerbate hemorrhaging and 
allowing the shaft to be retrieved. Ellis (1994:13) cites a study of California Yurok 
points in which barbed points were loosely hafted and remained in the prey when 
the shaft was removed. Points with narrow, short, parallel, or contracting stems 
have relatively loose hafts (Christenson 1987:145-148). Simple triangular points are 
also less securely hafted than are notched points (Kidder 1932:22). These points, 
designed to be lost in the hunted animals, should be manufactured with little in- 
vestment in formal shaping beyond the production of forms with the characteristics 
described above. The small triangular points so common in the late prehistory of 
the Desert West may be just such “throw away” projectile tips. 

Thus, the diversifying response to resource stress that requires hunting a range 
of animals in varied contexts would be effectively implemented with a reliable, 
versatile, and portable tool kit. Projectile points should be small, loosely hafted, 
with barbed shoulders and made with less production investment than are the 
reliable, specialized weapons. Flenniken’s (1980:29) experimental manufacturing of 
projectile points leads him to the conclusion that small points made on flakes, using 
few reduction steps, are the least costly, measured in production time. 


SUMMARY 


I have described contrasts in construction of facilities and in design of tools and 
weapons. For resource specialists, facilities designed specifically to enhance the pro- 
ductivity, spatial and temporal predictability, and storage life of a narrow range of 
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target resources are expected. In addition, the design of tools and weapons should 
emphasize reliability, use-efficiency, and specialization. This design combination 
could result in a diverse tool kit of specialized forms. For resource generalists, facil- 
ities, tools, and weapons should be generalized to suit a wide range of possible 
resources and be responsive to varied, and potentially uncertain, future condi- 
tions. Tool and weapon designs should combine reliability, versatility, flexibility, 
and portability. 

Under conditions of resource plenty the correlation between economic and tech- 
nological strategies may not apply. However, where stress and risk are occurring, 
tools and facilities are expected to approach optimal design strategies for the par- 
ticular stress or risk responses employed. The hunting weaponry of late prehistoric 
occupants in the Southwest is examined, next, with these contrasts in mind. 


APPLICATION OF THE TECHNOLOGICAL STRATEGIES 
APPROACH 


Technological strategies can be used to reduce the probability of subsistence risk and 
stress. The greater the risk, the more costly technological failure, which increases 
the benefit of designing tools and facilities for most effective capture and processing. 
Under stress, not only should tools maximize the probability of resource acquisition, 
but they should be designed so that their production and repair competes as little 
as possible with other activities crucial to reducing subsistence stress. The tool and 
facility designs that are most effective are determined by the social and economic 
strategies employed by people to respond to risk and stress. Thus, by examining 
the material remains of technology within the historical context of their use, ideas 
about human responses to stress can be proposed and evaluated. I discuss one 
issue of concern to Southwestern archaeologists and how technological analysis can 
contribute to resolution of this issue. 

Southwestern archaeologists have long debated the causes of large village and 
regional abandonment. Many explanations include resource scarcity as a contribu- 
tor to conditions that led to abandonment of large villages. If prehistoric occupants 
of large villages in the late prehistoric phases of Southwestern prehistory (post 
A.D. 900) were experiencing stress, they may have adopted specialized or diversi- 
fied economic strategies for addressing that stress or the risks of future shortfalls. 
An assessment of the technological strategies employed prior to abandonments can 
contribute to our understanding of the extent of subsistence stress and the possible 
roles of different strategies in ameliorating stress. If cultivators first responded to 
subsistence stress by specializing on cultigens, as seems to be the case in many 
regions of the Southwest, we should expect to see those features that indicate ef- 
forts to increase productivity of plant resources, and efficiency in processing and 
storage. Abundant evidence of water control and storage have been documented in 
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various areas in the late ceramic periods. By these late prehistoric periods, grinding 
technology was specialized and staged in many areas. Attention to axe design and 
the forms of cooking and storage vessels would supplement these data. 

Of further interest is a consideration of whether cultivators, prior to aban- 
donment of large sites or regions, modified their subsistence efforts toward greater 
dependence on wild resources in systematic, technologically effective ways, either 
by specializing or diversifying. If cultivators added plant and/or animal resources 
onto their heavy investment in cultivation as a risk reduction or stress response, 
the technology employed would need to be cost effective. While exploitation of 
wild plant resources is difficult to see in stone technology, hunting strategies are 
more easily studied. Ellis’ (1994:6-7) cross-cultural study of hunting indicates that 
stone-tipped weapons are used nearly exclusively on large game (>40 kg.) and on 
humans. Thus, the stone projectile data analyzed in this chapter are assumed to be 
the products of hunting large game, rather than rabbits, birds, and rodents. Their 
use on humans is not assessed. 

The specialist strategy would focus on one or a few animals taken in a narrower 
range of contexts than the generalist hunting strategy. If a diverse range of game 
were depended upon, we should see a versatile, portable hunting weaponry that is 
effective on a range of animals with varied prey responses. Alternatively, if cultiva- 
tors took a specialized focus in hunting, a weapon design with more emphasis on 
reliability and specialized form, suited to hunting large game in a narrower range of 
contexts, should be evident. If we do not find either combination of design options 
predominating, it is possible to conclude that effective hunting strategies were not 
risk reducers or that stress was not occurring. 

The responses of prehistoric cultivators to risk and stress across the South- 
west would have varied, given the diversity of environmental and social conditions. 
Environments vary with regard to density and diversity of large game. Social mech- 
anisms provide access to game or other resources through trade and exchange (e.g., 
Graves, et al. 1982; Spielmann 1983). However, to begin an exploration of the role of 
hunting technology in economic responses to stress, I have gathered data on projec- 
tile points from late occupations in several locations. This initial analysis illustrates 
the value of the technological approach, but is inconclusive due to the limitations 
of published data. 

I begin by assuming that cultivators living in large aggregated settlements ex- 
perienced subsistence stress late in the occupation of regions. The role of hunting 
as a stress response is considered for these regions. There are many other options 
for cultivators responding to subsistence stress. Specialization in cultivation (which 
may have preceded diversification), movement to new areas (which may have fol- 
lowed failed diversification efforts), and trade for game resources are only a few. 
All of these occurred in the Southwest, but I am looking at whether we can sug- 
gest that hunting specialization or diversification played a part in the late puebloan 
strategies of addressing subsistence risks. 

Projectile point data from Chaco Canyon (Lekson 1985), Gran Quivira (Judi 
Green 1985), Tijeras Pueblo (Blevins 1974; Cordell personal communication, 1992), 
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Black Mesa (Cameron 1987; Christenson 1987), and Mimbres (Nelson 1986) are 
discussed (Figure 1). These are regions for which there are adequate descriptions 
of sizable projectile point collections. Samples from the different regions are not 
contemporaneous; I have selected from contexts in which cultivation was well de- 
veloped and from periods just prior to large village or regional abandonments, or 
major social change. 

Unfortunately, the data on projectile points are recorded differently among 
these various research areas. Many of the variables important to evaluating the de- 
sign dimensions (reliability, versatility) most emphasized during any period are 
not consistently recorded or their associations are not analyzed. These include 
length, thickness, and workmanship characteristics. The only variables consistently 
recorded and examined in association are shoulder angle and stem or haft form. 
Shoulder angle affects the staying potential of points after penetration; barbed 
shoulders fix in the animal, while sloping shouldered points do not fix in the animal 
(Figure 2). Fixing of a point in an animal increases the hemorrhaging of the wound, 
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FIGURE 2 The three primary stone projectile point forms in post-Archaic collections in 
the North American Southwest. 


which increases the likelihood of a successful kill. This is especially important when 
tracking game and taking distance shots. For close range shots on driven game where 
the animal can be shot multiple times, the point need not fix in the animal. If sloping 
shouldered points do not fix in animals, some may be recovered, rejuvenated, and 
reused. But contexts in which points would be recoverable are limited. 

Stem shape also contributes to the fixing of points in animals and potential 
recovery of the shaft. Constricted stems could more easily be separated from the 
shaft than could side-notched, wide-base points, potentially allowing the shaft to 
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fall away from the animal. However, if foreshafts were used, the shaft may be 
recoverable regardless of point form. 

Data from five regions in the North American Southwest show patterned differ- 
ence in hunting technology during the late occupations of large, aggregated village 
settlements (Figure 3). In some areas, a single point form with sloping shoulders 
and secure haft (deep side notches) dominates the projectile point collections. These 
are points that would not fix well in the animal, but would be potentially recover- 
able. Their dominance correlates with an emphasis on hunting animals that herd. 
In other areas, no single point form dominates. These patterns are discussed below. 

Most studies of projectile points in the Southwest employ typology rather than 
technological analysis of the occurrence of single characteristics (but see Jelinek 
[1967] and Christenson [1987]). In 1967, Jelinek described a range of formal types 
for the Middle Pecos; these are used to a greater or lesser extent in most studies. For- 
tunately they include variables of hafting element and barbing. The most common 
post-Archaic combinations (Jelinek 1967:104-106) include: corner notched with par- 
allel to contracting stems and barbed shoulders, often referred to as stemmed; corner 
notched with expanding stem, often with barbed shoulders; and side notched, of- 
ten without barbs (Figure 2). Other possible combinations of stem shape, notch 
position, and shoulder shape are possible and do occur in the Pecos collection as 
well as in others (Jelinek 1967: Figure 15). I focus primarily on these three types, 
grouping data from reports as necessary. 

Jelinek demonstrates that the three primary forms are good time markers in 
the Middle Pecos with the stemmed points occurring early (Early 18 Mile Phase) 
and the side-notched points dominating late contexts (Late McKenzie and Post- 
McKenzie phases). This sequence occurs for the Chaco sites (Lekson 1985) and 
is suggested at Tijeras (Blevins 1974), but is not applicable to the Mimbres and 
Black Mesa areas. Whether or not point form changes in a patterned way over 
time, the differences indicate modifications in hafting (Jelinek 1967; Keeley 1982) 
and hunting strategies (Nelson 1986). The three forms are 


1. Stemmed with barbed shoulder: Point designed to remain in animal but release 
from the shaft (jam haft). 

2. Corner-notched, expanding stem, barbed shoulders: Point designed to remain in 
animal, but also to remain securely hafted to the shaft. 

3. Side-notched with sloping shoulder: Point designed to be easily removed from 
animal and to remain securely hafted. 


As noted above, the stemmed, barbed point is a generalized design for bringing 
down game with a variety of hunting techniques (communal and individual, drive 
and stalk). It is effective for a diverse range of hunting strategies, and is also designed 
to potentially save on the cost of replacing the shaft after each successful shot. Note 
that shafts may be broken when penetration occurs, but this is not inevitable as it 
is with more securely hafted points and shafts. The corner-notched expanding stem 
point is equally versatile, but the shaft would be lost at each hit, because of the 
secure haft afforded by the wide stem. The side-notched forms with secure hafts 
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and sloping shoulders are best suited for conditions in which the game need not 
be tracked after shot, because they are not designed to fix in the animal. This is 
a narrower range of hunting conditions than is expected for a resource generalist. 
If reuse of these latter points was anticipated, they should be thicker and initially 
larger than those used by the generalized hunter. A wide range of base forms may 
also indicate that a diverse range of game were taken or at least that diverse hafting 
or hunting strategies were employed. The cost of such tool kit diversity needs to be 
evaluated. 
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FIGURE 3 Composition of projectile point collections with 
a Side Notched respect to the three primary point forms. 


130 M. C. Nelson 


TABLE 1 Proportional frequencies of the three primary projectile point forms on 
late prehistoric sites in the Southwest. 


SITE/REGION POINT FORMS 
Stemmed Corner- Side- Other* N 

notched notched 
Chaco Canyon! 3.2 17.4 79.4 0 nd 
Tijeras Pueblo? nd nd 87.8 12.2 147 
Gran Quivira? 0 0 100.0 0 nd 
Mimbres? nd 30.0 55.0 15.0 284 
Black Mesa® 29.7** 5.4*** 18.9 45.9 37 


1 From Lekson (1985: Table X.2, X.3). 
From Blevins (1974: Table 2). 

From Green (1985: Figure 5). 

From Nelson (1986: Table 8.23). 
From Cameron (1987: Table 4-36). 


*For the Tijeras Pueblo sample, forms other than side-notched are 
not summarized separately in the data tables. For the Mimbres sample, 
this includes stemmed and other point forms. For the Black Mesa 
sample, “other” refers to generalized stemmed and corner-notched 
points, as well as unidentified and fragmentary forms. 


7 **Type 54 in Cameron (1987: Table 4-36). 
8 ***Type 55 in Cameron (1987: Table 4-36). 


a 8 WwW N 


[e>] 


In three collections, the Pueblo III Chaco Canyon collection (Lekson 1985), the 
Pueblo IV Tijeras Pueblo sample (Blevins 1974, Cordell personal communication 
1992), and the sixteenth to seventeenth century Gran Quivira collection (Green 
1985), side-notched points without barbed shoulders dominate (Figure 3; Table 
1). In the Chaco collection, these comprise nearly 80 percent of the Pueblo III 
notched arrow points (Lekson 1985: Table 1, Figure x.1). Within the Tijeras Pueblo 
collection over half (55 percent) of the points are notched; among these 88 percent 
are side-notched, but no information is available regarding the angle of the shoulder 
(Blevins 1974: Table 2). Side-notched points decrease in the collection from a high 
of 95 percent in the sample from the second phase to a low of 81.5 percent in 
the third and final phase of site occupation. For the Gran Quivira collection, only 
two point forms are reported, triangles and side-notched; the latter have sloping 
shoulders in most cases (Green 1985: Figure 5). These securely hafted, specialized 
forms are designed for reuse. 
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If these forms were made with the intention that they be reused, they should 
be thicker and heavier and have more reworking than do the point forms from 
earlier occupations. For the Chaco collection, Lekson (1985:18) notes no significant 
differences in metric variables of size among the different points. Reworking on 
the side-notched points is not discussed. Data are not currently available on these 
characteristic for the Tijeras and Gran Quivira samples, although in the Tijeras 
collection, there is little difference in other aspects of point form over the three 
occupations described by Blevins (1974: Table 2). 

I have argued above that a technology designed for economic specialization 
should have more standardized forms. The coefficient of variation for metric vari- 
ables is one index of standardization. For the five metric variables reported by 
Lekson for the projectile points in Chaco collections, the side-notched points have 
the smallest coefficient of variation of the three point forms, for all but one of the 
measures, suggesting greater standardization especially for shoulder and base width 
and stem diameter (Table 2 from Lekson [1985: Table x.3]). 

At both Chaco and Gran Quivira, it has been argued, prehistoric people ob- 
tained meat through trade (Spielmann 1983; Lekson [1985] referencing Aikens 
[1982]). The projectile point collections indicate that meat may have been acquired 
also through specialized group hunting, a strategy that may have developed to in- 
sure some access to meat or important nutrients from game (see Spielmann, this 
volume) during periods of subsistence stress. Herding animals may be more frequent 
in these areas than in others, which should be evident in the faunal samples. Spiel- 
mann (1995) has suggested that large herding animals are more prevalent and a 
more dominant part of the faunal assemblage at late prehistoric sites in the eastern 
portion of the Southwest than in the western portion. At Gran Quivira, the faunal 
assemblage is dominated by antelope remains (Spielmann, personal communication 
1992) 

In collections from the Classic Mimbres occupation (eleventh and twelfth cen- 
turies) of the Mimbres Valley (Nelson 1986), the projectile point collections are 
more diverse than are those from the Chaco, Tijeras, and Gran Quivira areas. 
Side-notched points with sloping shoulders, so common in the late Chaco Canyon, 
Tijeras, and Gran Quivira collections, form 55 percent of the collection from the 
Classic Mimbres period (Figure 3, Table 1). They show little production invest- 
ment. Most are not pressure flaked over the entire face on both sides, their notches 
are shallow, and they are small, contrary to expectations about reliable hunting 
weaponry. A wide range of other barbed and nonbarbed forms is present, although 
stemmed points are rare. The Classic period sample has narrower hafts than are 
evident in samples from earlier occupations, but these occur on side-notched points, 
which may indicate that the notches are deep, producing a narrow neck. The Mim- 
brenos did not consistently use a strategy of producing points that would detach 
from their shaft (straight-stemmed points) and remain in game (barbed-shoulder 
points). In fact, barbing consistently occurs on points with an expanding stem; 
these form 30 percent of the Classic Mimbres collection, down from earlier periods. 
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TABLE 2 Dimensions of point forms from Chacoan sites (from Lekson 
1985, Table x.3). 


Corner- Side- 
Stemmed Notched Notched 


Blade length 

X 20.54 21.08 19.79 
s.d.! 6.42 6.38 5.34 
N 55 154 252 
v2 .31 .30 .27 
Base length 

X 4.91 4.67 5.46 
s.d. 2.10 1.15 1.51 
N 55 161 268 

V .43 25 28 
Shoulder width 

X 13.73 12.71 11.78 
s.d. 3.94 2.79 1.71 
N 60 163 268 

V 29 .22 15 
Minimum stem diameter 

X 5.35 6.72 7.47 
s.d. 1.66 1.52 1.32 
N 60 164 272 

V 31 23 18 
Base width 

X 5.69 10.78 12.52 
s.d 2.66 2.23 2.16 
N 58 161 266 

V AT 21 17 


a a a YO IS SETS 
1 V = coefficient of variation 


2 s.d. = standard deviation 


The projectile point collection from the Mimbres area does not indicate a strong 
emphasis on one hunting strategy. Although generalized hunting is indicated by the 
range of shoulder and haft forms, the tool kit is not designed to maximize versatility 
and minimize production time and effort. It is possible that hunting was not a 


Technological Strategies Responsive to Subsistence Stress 133 


dependable subsistence activity for hedging against the threat of food shortfalls 
prior to the abandonment of the large sites in the Mimbres Valley. Analysis of 
faunal material indicates that a wide range of game was taken during the Classic 
Mimbres period, with large herding animals less common than in other areas to 
the north (such as Chaco). Hunting by individually stalking game rather than 
hunting herding animals may not have been effective for substantially diminishing 
subsistence risk over the long term in the arid to semiarid Southwest. 

The hunting weaponry from Black Mesa is included as the last sample. Although 
no large aggregated settlements occurred in the late ceramic period (A.D. 1050- 
1150) in the study area of the northern mesa, the data on projectile points are 
the most complete of any available. Two kinds of data are available. Cameron 
(1987) conducted a typological analysis, most similar to those described for the 
other collections, that merges samples from all ceramic periods (A.D. 800-1150). 
Christenson’s (1987) analysis separates the collection from the late ceramic period 
in a technological analysis. Christenson found little change in projectile point form 
within the ceramic periods, except for a decline in barbing, which may indicate a 
decline in emphasis on point forms designed to stay in the animals. Slight increases 
in haft length and base width suggest manufacture of more secure hafts and perhaps 
intended reuse, although Christenson finds no significant change in incidence of 
retouch. The decline in barbing, increase in haft length, and increase in base width 
all indicate a trend toward greater emphasis on reliability and reuse, but not a 
significant or substantial shift. 

In her analysis of overall point form, Cameron grouped all points from the 
ceramic periods and contrasted them with Basketmaker II and Archaic collections. 
A variety of hunting strategies is indicated for the ceramic periods, as was the case 
for the Classic Mimbres collection, but the predominant point forms are different 
(Figure 3, Table 1). Side-notched points form nearly 19 percent of the ceramic period 
sample, points with straight stems and barbed shoulders form almost 30 percent. 
These latter are the lightest and thinnest, as expected for an effective generalized 
design, but they have the greatest investment in workmanship (Cameron 1987:130), 
which is contrary to expectations for a point designed to lodge in an animal and be 
lost. Social demands on point form and utilitarian demands on their use as weapons 
against humans may influence workmanship. The side-notched points with deep 
notches also show high levels of workmanship (Cameron 1987:130), which is as I 
expect for a reliable design. 

The point forms from the Ceramic period collections on Black Mesa indicate a 
variety of hunting and manufacturing strategies, with little change over 350 years 
of occupation. This is consistent with the lack of change in use of faunal resources 
(Leonard 1986). Approximately one-third of the ceramic period points are designed 
to be versatile (barbed, straight stemmed, small points). However, the lack of change 
over time in game selection and hunting technology indicates that hunting was not 
emphasized exclusively in the late ceramic period to reduce subsistence stress or that 
subsistence stress was not occurring on a regular basis. Perhaps resource stress was 
not the cause of regional abandonment on Black Mesa. 
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Among the five collections examined, three (Chaco, Tijeras, and Gran Quivira) 
are dominated by side-notched points with sloping shoulders, which are suited to 
a narrower range of hunting conditions than the barbed, narrow-stemmed points. 
They are more specialized but also potentially recoverable and reusable. There 
is some indication that these forms were more standardized than others in the 
Chaco Canyon sample. None of the collections is dominated by stemmed, barbed 
points, which are designed to maximize the versatility of the tool kit and minimize 
production, the technological strategy expected for a generalized, diverse hunting 
strategy responsive to stress. Two of the collections, Mimbres and Black Mesa, have 
a fairly wide range of point forms, which could have been used to capture a range 
of game, but is not an optimal tool kit for generalized hunting. 

Lack of versatile point designs indicates that generalized hunting was not a 
good risk-reduction strategy in the Southwest. While people engaged in hunting a 
wide variety of game during some time periods, this practice may not have been 
effective as a risk-reducing strategy in times of food shortage or anticipated risk of 
shortage. Although Szuter (1995) argues that cultivation increases the diversity and 
number of game in an area, the game density is low in the arid to semiarid South- 
west, perhaps too low to present a dependable resource for agriculturalists, unless 
large herding animals were taken. The preagricultural occupants of the Southwest 
depended to some degree on game, but their population levels were considerably 
lower than those of the late ceramic phases. It is interesting to note that Paleoin- 
dian and many Archaic projectiles have large, thick, securely hafted points with 
evidence of reuse. These reliable designs indicate the importance of taking large 
game during the preagricultural periods of Southwestern prehistory. 

Stemmed points are common in some collections. For example, in the Basket- 
maker III—Pueblo I sample from Chaco—60 percent of the points are stemmed. 
If this is a versatile weapon design, its presence in this context may indicate that 
as agriculture developed, generalized hunting was effective for provisioning people 
while population levels were relatively low and aggregations considerably smaller 
than during the late prehistory of the Southwest. It would be interesting to examine 
other data from these periods to identify economic strategies and whether stress 
was occurring. 

Simple, triangular, minimally retouched points are common in late prehistoric 
contexts. These are versatile, replaceable forms suited to generalized hunting strate- 
gies. I have not examined their contribution to hunting weaponry because they are 
not systematically included with the notched forms in many studies. Further re- 
search that includes all possible point forms is needed. In both the Tijeras and 
Gran Quivira collection their common occurrence is noted; perhaps these are the 
generalized hunting tips of the late periods. 

The patterns identified in this study appear to support Jelinek’s sequence for 
the Middle Pecos. The latest samples (Chaco, Tijeras, and Gran Quivira) are domi- 
nated by side-notched points and the earlier samples have more corner-notched and 
stemmed forms. However, this general diachronic observation is misleading for two 
reasons. First, all of the late samples are from the eastern portion of the Southwest, 
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where, as Spielmann (1995) argues, large herding animals are more prevalent. The 
use of side-notched points during the late periods in these eastern areas may repre- 
sent a stress-reducing strategy of specializing on group hunting of large animals in 
conjunction with an intensely agricultural economy. Such a strategy may not have 
been possible in the western portion of the Southwest, particularly in many parts 
of the Hohokam area. Thus, side-notched points should not dominate late period 
projectile point samples from sites in the western portion of the Southwest. This 
hypothesis needs further investigation. 

Second, in the samples from Mimbres and Black Mesa, Jelinek’s sequence does 
not fit. Stemmed points are not replaced by corner-notched points. In the Mimbres 
and Black Mesa collections, corner-notched points dominate the Early Pithouse and 
Basketmaker II samples, respectively (Nelson 1986; Cameron 1987), while in Chaco 
they do not become abundant until Pueblo II (Lekson 1985). Also, in the Black 
Mesa sample, corner-notched forms become less frequent from Basketmaker II to 
the ceramic periods, and stemmed forms become more frequent (Cameron 1987), 
which is opposite from the Middle Pecos sequence. The sequence of point forms in 
any region of the Southwest should not be expected to follow a single pattern. A 
number of conditioners may influence point design; among these, hunting strategies 
are an important consideration, as is their role in the overall economic strategies 
for addressing risk and food stress. 

For this general discussion of the design of hunting weaponry, I have not sys- 
tematically evaluated the differential availability of animal resources or material for 
producing weaponry across the Southwest. In some areas, game density, especially 
large game, may be low enough that any specialization on group hunting would 
not be possible. This may be true for the Jornada area or for portions of the Ho- 
hokam area. Similarly, there may be an absence of stone material in some portions 
of the Southwest such that conservation of tool material was important. These 
circumstances add additional dimensions to design considerations for prehistoric 
weaponry. 


CONCLUSION 


Technological strategies are the means by which humans use and modify their 
environment. They are, therefore, a sensitive index of the relationship between 
humans and resources. When groups are experiencing subsistence risk, changes 
in the ways in which resources are used may be expected. These changes should 
occur in the direction of improving the relationship between input and benefit. 
While technology may not always be organized toward optimizing effort, and tools 
and facilities may not always be designed for maximized returns, during times 
of stress technological organization and material design should approximate some 
optimal solutions to subsistence problems. “Forms of behavior which deal with the 
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management of risk will be more sensitive to selective pressures and are therefore 
more likely to approach optimality” (Torrence 1989:4). 

In this chapter, I have discussed economic and social responses to subsistence 
risk, and focused on the technological strategies that facilitate two kinds of economic 
responses: resource specialization and resource diversity. I have discussed aspects of 
technological strategy that would facilitate specialization and diversification among 
intensive cultivators who hunt and gather. These expectations about technology are 
based on the notion that technology can be instrumental in reducing the probability 
of resource loss. When the cost of that loss is high, as in situations of risk or stress, 
technological responses are expected to be most carefully designed to maximize 
returns (Bamforth and Bleed 1991). 

For resource specialization, I have suggested that tool assemblages and facilities 
should be diverse as a result of the many techniques used to maximize returns from 
few resources. Further, I have argued that the design of tool and weapon form should 
emphasize reliability and use-efficiency; emphasis is placed primarily on avoidance 
of loss by production of forms that do not fail in use and are most closely suited 
to each task. These design directions would result in specialized and standardized 
tool forms. 

For resource diversification, — I have suggested that the range of facilities would 
be diverse, but in ways different from the products of specialization. Diversity of 
facilities would result from construction of different forms to address the range of 
kinds of plants and animals exploited. Tool assemblages should not be diverse. Tools 
should be designed for multiple use and portability in order to be available when 
and where needed, and to be responsive to a variety of needs. This strategy reduces 
the probability of loss not by maximizing the reliability and efficiency of a tool but 
by creating a form that can deal with a range of potential uses and uncertainties. 

As I have discussed above, all of these design options have advantages, but 
they also have disadvantages. In addition, “design option” is not synonymous with 
“tool type.” Tools and weapons are combinations of greater and lesser emphasis on 
design options. There are always tradeoffs. If we can clearly separate the concept of 
design option from that of tool type, it should be possible to apply design options 
to developing expectations about suitable forms in different social, economic, and 
environmental contexts. 

The design of tools and facilities is responsive to a number of different con- 
ditions, among which stress is but one. The specific conditions within which tools 
and facilities are being made, used, reused, and discarded must be considered for 
application of any of the ideas presented here. 

No data set can be used alone as an infallible indicator of past behavior. Mul- 
tiple lines of evidence are important in understanding the past. The design of tools 
and facilities is one of these sets of information. The inferences about strategies 
appropriate to ameliorating stress need further evaluation through the use of eth- 
nobotanical and faunal data. Further, I have discussed little of the architectural 
and settlement implications of different strategies. 
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Given these limitations, the approach I have suggested may be useful for gen- 
erating new ideas, and for testing old ideas with the data set that includes tools, 
weapons, and facilities. The concepts presented for describing technological strate- 
gies and design options can be extended to a variety of issues addressing how people 
use and manipulate their environment. 
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Risk, Anthropogenic Environments, and 
Western Anasazi Subsistence 


The American Southwest has long been used to test models about the rela- 
tionship between environment and culture (Gumerman 1988). Historically, 
this relationship has turned on the questions of (i) how societies provisioned 
themselves and (ii) whether variation in subsistence economies could ex- 
plain other differences among these societies as well (Jorgensen 1983). With 
a new vocabulary, archaeologists have rephrased these long-standing ques- 
tions in terms of models that stipulate cultural responses to “risk” (e.g., Fa- 
gan 1991:265-268), often employing data extrapolated from contemporary 
ethnological and environmental settings (Rautman 1993). Further, many 
of our current conceptions of environment/culture interaction in the pre- 
historic Anasazi Southwest are based on premises regarding plant-use and 
human behavior (Wills 1992) that are rarely scrutinized critically. In this 
chapter, I examine the foundations of risk-based models, evaluate their con- 
sequences, and sketch an alternative model that explores the implications 
of systematic burning and wild-resource production for Western Anasazi 
subsistence organization. 


Evolving Complexity & Environ. Risk in Prehistoric Southwest, Eds. J. Tainter, 
& B. B. Tainter, SFI Stud. Sci. Complexity, Vol. XXIV, Addison-Wesley, 1996 


145 


146 A. P. Sullivan III 


RISK AND RESOURCES: DEEPLY ROOTED PREMISES 


Since their initial scientific exploration, the Colorado Plateaus have been viewed 
as innately hostile to human livelihood (e.g., Powell 1875). Consequently, human 
societies that have resided there generally have been considered under stress (e.g., 
Minnis 1985) or, worse yet, at risk (sensu Torrence 1989:59; Winterhalder 1990:72). 
Interestingly, Lewis Henry Morgan captured the essence of this view more than 100 
years ago: “The pueblos now in ruins throughout the original area of New Mexico, 
and for some distance north of it, testify to the perpetual struggle of the former to 
maintain their ground, as well as prove the insecurity in which they lived” (1965 
[1881]:147). 

People often inhabit environments where resources are spatially and tempo- 
rally inconstant—in other words, risky (e.g., Dean 1988:29-30; Euler et al. 1979; 
Hevly 1988:96; Schlanger and Wilshusen 1993). It is generally presumed, further- 
more, that wild-resource fluctuations adversely affect economic decision making 
because little control can be exercised over two variables (cf. Wills 1988:478-479): 
(i) availability (where a resource is likely to produce) and (ii) productivity (yield). 
Although they have their own set of problems (Bradfield 1971), agricultural systems 
allegedly were adopted because they allowed humans to establish some control over 
edible-resource availability and productivity (Minnis 1992:132). Despite some dis- 
agreement regarding the origins of agricultural systems on the Colorado Plateaus 
(Matson 1991; Wills 1992), archaeologists generally have thought that the Western 
Anasazi ultimately became dependent to varying degrees upon domesticated plant 
production and, consequently, developed a range of problem-solving strategies to 
grow cultigens in unpredictable or marginal environments (Bye and Shuster 1984; 
Dean et al. 1985:542-544). Many of the technological innovations that the West- 
ern Anasazi developed, such as terraces, alignments, and checkdams (Stewart and 
Donnelly 1943), it has been argued, were designed to “buffer” agricultural systems 
against threats to a successful harvest (Plog et al. 1988). 

Risk-based models also imply that the Western Anasazi still were confronted 
with constant challenges to their livelihood and that, in order to secure a living 
in many areas of the Plateau Southwest, agricultural production would have been 
a necessity (Wills et al. 1994). However, wild resources were still an important 
component in the food supply of agriculturally dependent systems because of “their 
relative independence of factors responsible for agricultural loss” (O’Shea 1989:58; 
also Dean 1988:35; Powell 1983). Presumably, the evolutionary histories of wild 
plant species have adapted them to tolerate growing conditions that are unfavorable 
to cultivars. Such a tolerance would be particularly important when agriculturally 
dependent populations, like the Western Anasazi, became “stressed” during periods 
of (i) environmental variability adverse to cultivar production (Euler et al. 1979) or 
of (ii) increasing population pressure (sensu Keeley 1988; Braun and Plog 1982:513; 
Dean et al. 1994; Euler 1988). The clear implication, however, is that wild resources 
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became of secondary importance once Western Anasazi populations had made a 
commitment to agricultural production. 

One theme that penetrates risk-based models of Western Anasazi subsistence 
is that resource production occurs in environments that are either unmodified or 
minimally modified (e.g., Leonard 1989). In the remainder of this paper, I explore 
the theoretical consequences that environmental modification poses for risk-based 
models of Western Anasazi subsistence organization by investigating two factors: 
(i) the economic effects of burning the understory of pinyon-juniper woodland and 
(ii) the production of wild resources. 


PRODUCTION, ANTHROPOGENIC ENVIRONMENTS, AND RISK 


As Roy Ellen (1982) reminds us, it is production, executed through particular com- 
binations of subsistence methods (Layton et al. 1991), that integrates ecology and 
economy. Among the many types of landscape modifications that are created by 
people (Thomas 1956), none has been more prevalent or more potentially productive 
than the anthropogenic environments that emerge from systematic burning (Stew- 
art 1956). The ecological effects of the application of fire—specifically, low-intensity 
understory burns that do not consume the canopy—to various kinds of natural en- 
vironments are well known (Kozlowski and Ahlgren 1974; Wright and Bailey 1982). 
In addition to many other benefits, the principal economic reason that burning has 
been so pervasive worldwide is that the productivity of biotic communities is en- 
hanced enormously following the application of fire (Kohler 1992a:239; Kramp et al. 
1983). It is no surprise, therefore, that the human use of fire has great time depth 
(James 1989) and is geographically widespread (e.g., Barrett 1980; Gould 1971; 
Lewis 1972, 1982; Mellars 1976; Patterson and Sassaman 1988; Smith 1988:152-— 
153). 


FIRE IN A PINYON-JUNIPER WOODLAND: ECOLOGY AND ECONOMY 


Pinyon-juniper woodland is a widespread vegetation community (Barger and Ffol- 
liett 1972) that, during prehistoric times, sustained the bulk of Western Anasazi 
occupation on the Colorado Plateaus (Euler et al. 1979:1095; Lanner 1981:66; 
Tainter 1984). The burning of a pinyon-juniper woodland understory produces 
two predictable effects (Table 1; West and Van Pelt 1987) that would have been 


[1] For monograph-length case studies that explore the subsistence implications of systematic burn- 
ing, see Lewis (1973) for California, Dobyns (1981) for the Southwest, Pyne (1982) for North 
America, and Gouldsblom (1992) for Europe. 
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TABLE 1 Time-line of successional stages in a burned pinyon-juniper woodland.! 


Stage: Annual Perennial Shrub Shrub/ Climax 
Grass /Forb Open Tree P-J Forest 
Years: 2 4 25 100 300 


Rr esr eee reece eee eee ee eee eee ay a 
1 After Erdman (1970:18), Barney and Frischknecht (1974:95), Everett and 
Ward (1984:60), and Everett (1987). 


particularly beneficial for Western Anasazi subsistence (Bye 1981:111-113; Martin 
et al. 1991:65): (i) the diversity of edible plant species, both perennials and an- 
nuals (Everett and Ward 1984:62), expands and (ii) biomass increases (Despain 
1987). West (1984:1308-1309) notes that, with respect to annuals in particular, it 
is not uncommon for there to be an increase of upwards of 20% per hectare after 
burning. Controlled studies (e.g., Barney and Frischknecht 1974:94; Wright et al. 
1979:29) show that edible annual forbs such as tansy-mustard (Descurainia sophia 
[Bohrer 1973:435]), sunflower (Helianthus sp. [Adams 1980:32-33]), and goosefoot 
(Chenopodium sp. [Minnis 1984:7])!?) all appear within one year after a fire. Simi- 
larly, edible perennial herbs, such as Indian ricegrass ( Oryzopsis hymenoides [Bohrer 
1975]), Agropyron sp. (Doebley 1984:54), and bluegrass (Poa sp. [Doebley 1984:57]), 
emerge early after a fire and come to dominate a burned area within the first five 
or six years (Barney and Frischknecht 1974:96; Erdman 1970:19).!*! Interestingly, 
Indian ricegrass begins growing within only three weeks after burning (Wright et 
al. 1979:26). 


RISK IN ANTHROPIC HABITATS 


If it can be assumed that, in comparison to their modern structure and distribution 
(Ronco 1987), “pre-Columbian woodlands were likely more open and savanna-like 
largely because of fairly frequent fires, some of which were due to Amerinds” (West 
1984:1310), then many of the supposed subsistence-related consequences of risk, 
enumerated above, are simply theoretical chimeras (Bailey 1981:6-7). For example, 
because people control where anthropogenic environments are established, the spa- 
tial component of risk—availability—is reduced considerably. Also, because they 


[2] Wright et al. (1979:29) note that goosefoot (Chenopodium sp.) experiences “enormous relative 
increases” within the first weeks after a fire. 

13] Another important post-burn perennial is dropseed (Sporobolus sp. [Wright et al. 1979:14; Doe- 
bley 1984:57]). 
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can control the extent of burning, people can influence productivity (yield). In 
conjunction with the seasonal distribution of important edible annuals, such as Li- 
pidium (winter), Amaranthus (spring-summer), and Portulaca (summer-fall), fire 
management virtually could ensure no gaps in the food supply (see also Bohrer 
1975; Doebley 1984) or sharply reduce the possibility of resource deficits (Martin 
1994:91). Unless these practices were managed prudently, obviously, the sustainabil- 
ity of such a land-use pattern ultimately would have been compromised by excessive 
population growth, the emergence of territorial boundaries, or habitat degradation 
(cf. Kohler 1992b). 


INTERPRETING THE WESTERN ANASAZI 
ARCHAEOECONOMIC RECORD 


PROBLEMATIC PRODUCTIVITY ESTIMATES 


Archaeologists may have exaggerated the magnitude of any inherent risk in Western 
Anasazi economies because risk-based models have chronically and systematically 
underestimated wild-resource productivity in two ways (e.g., Martin et al. 1991:66). 
First, approximations of wild-resource productivity today (e.g., Ford 1984; Wills 
1992) often are derived from historically modified (Gifford 1987) or degraded envi- 
ronments (Cooper 1960; West 1984) and from biotic communities with diminished 
species diversity (Bohrer 1975:206; Bye 1985:379). Second, the drastic modification 
of traditional plant-use patterns during post-contact times (e.g., Fogg 1965:103) 
affects the analogical usefulness of risk-based economic models that incorporate 
ethnographic data (e.g., Hegmon 1989a). The concatenation of these potential bi- 
ases has skewed our views of Western Anasazi economic behavior, especially with 
respect to assertions regarding the lack of human control over the availability and 
productivity of wild plants grown in anthropogenic environments (Kehoe 1981). 
Hence, some of the proposed solutions to presumed subsistence risk, such as elabo- 
rate forms of social interaction (Hegmon 1989b) and mobility (Rautman 1993), may 
be epiphenomenal. In contrast, a number of studies suggests rather strongly that 
variation in arboreal pollen/nonarboreal pollen ratios (Edwards 1993), soil texture 
and chemistry (Courty et al. 1989:107-111,129), relative ubiquity of “fuel” taxa 
(Kohler and Matthews 1988), and thermoluminescence values (Rowlett 1991a), is 
ultimately attributable to local occupation and abandonment patterns that affected 
vegetation community composition (also Cummings 1994:135; Floyd and Kohler 
1990). Burning would have been a major contributing cause of such variation in 
these phenomena (Hevly 1988:103; Matson et al. 1988:258; Rowlett 1991b). 


150 A. P. Sullivan Ill 


PRODUCTION AND CONSUMPTION 


Erratic attention regarding how the archaeoeconomic record arises (Minnis 1981; 
Pearsall 1988), furthermore, may be responsible for one of the major interpretive 
problems affecting studies of Western Anasazi subsistence—data that convention- 
ally have been interpreted as evidence for production are, in fact, indicative of 
consumption. This is a problem because the relationship between production and 
consumption is asymmetric (cf. Fish and Donaldson 1991). Production strategies 
cannot be reliably inferred from samples that originate in consumption contexts be- 
cause the processes that affect the composition of consumption assemblages, such 
as occupation mode and abandonment mode (Cameron and Tomka 1993), may be 
independent of contexts of production (Hastorf 1988). 


WILD-RESOURCE PRODUCTION IN THE UPPER BASIN 


To illustrate these points, I present some evidence for Western Anasazi wild-resource 
production. This evidence comes from recent excavations at two nonarchitectural 
sites—MU 235 and MU 236—located in the Upper Basin, which is a downfaulted 
block of the Coconino Plateau along the eastern south rim of the Grand Canyon 
(Figure 1). At these sites, the most obvious features, which heretofore have not 
been excavated, are piles of fire-cracked rock (Figure 2). Radiocarbon dates and 
associated ceramics imply that these features are prehistoric in age and are affili- 
ated with the Western Anasazi (Sullivan 1992:209-213). Contrary to expectations, 
excavation of three piles failed to reveal any evidence of roasting pits under or ad- 
jacent to them (cf. Euler 1967); the piles rest directly on a prehistoric occupation 
surface. Charred seeds of Indian ricegrass (Oryzopsis hymenoides), buckwheat (Eri- 
ogonum), cheno-ams, and purslane (Portulaca) were found in flotation samples from 
the fire-cracked-rock piles (Sullivan 1992:215). As noted above, these wild plants 
were used extensively both prehistorically and historically on the Colorado Plateaus 
(e.g., Doebley 1984; Hutira 1986), and in the Great Basin (Winter and Hogan 
1986). In addition, Site MU 235 disclosed in situ artifact concentrations that were 
5-10 cm. below the present ground surface (Figure 3). These concentrations consist 
of patterned arrangements of complete manos, mano fragments, metates, metate 
fragments, cores, retouched pieces (all with clear signs of wear), and Tusayan Gray- 
ware jar fragments. Additional processing features and artifacts were discovered in 
situ at Site MU 236, as well (Figure 4). The form of the fire-cracked-rock piles, their 
paleobotanical contents, the patterned artifact arrays, as well as the disarticulated 
condition of the fire-cracked rock itself (Latas 1992:213), suggests that they are 
remains of edible-resource production locations, perhaps used repeatedly. |4] 


[4] See Sullivan (1992:214-216) for details regarding the processing activities themselves. 
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FIGURE 1 Map of the Upper Basin showing locations of sites MU 125A, MU 235, MU 


236, and Site 24 (AZ 1:1:24 [ASM)). 
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FIGURE 2 Oblique view of fire-cracked-rock pile (ca. 6m. x 4m.) at site MU 236 prior 
to excavation. 


FIGURE 3 In situ groundstone artifacts at site MU 235 resting on the exposed 
prehistoric occupation surface. The grinding surface of the slab metate (top center) 
is in contact with the occupation surface; white flagging-tape marks manos or mano 
fragments. 
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FIGURE 4 Processing feature at site MU 236 before excavation; object at lower right is 
a metate fragment in contact with the prehistoric occupation surface. 


FIGURE 5 Isolated cluster of three slab metates found during intensive survey of the 
Upper Basin. 
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Groundstone assemblages from Sites MU 235 and 236 contain neither a trough 
metate nor an identifiable trough-metate fragment—the form of metate conven- 
tionally associated with maize processing in the Southwest (Morris 1990). In ad- 
dition, our intensive survey of 12 km.” of the surrounding countryside has found 
predominantly slab or basin metates (complete and fragmentary), such as the iso- 
lated cluster of three slab metates seen in Figure 5. In the Upper Basin, trough 
metates and trough metate fragments have been found exclusively at architectural 
sites (Becher 1992; Sullivan 1986). Interestingly, in her analysis of groundstone 
artifacts from habitation sites in southwestern Colorado, Schlanger (1991:463) re- 
marked that “slab and basin metates are relatively rare in the Dolores collection.” 
These patterned differences in metate form support the hypothesis that the role of 
wild resources in Western Anasazi subsistence economies has been underestimated, 
for two reasons (cf. Powell 1988:179). First, our economic models have incorpo- 
rated information that is skewed in favor of consumption rather than production 
locales in Western Anasazi landscapes (cf. Floyd and Kohler 1990:154). And sec- 
ond, subsistence inferences have been based on consumption-oriented rather than 
production-oriented assemblages. 

The palynological data presented in Figure 6 support these arguments. Pro- 
duction is represented by the pollen percentages from Sites 24 (Homburg 1992) 
and 125A (Sullivan 1995), which are two rock-alignment complexes in the Up- 
per Basin, and from the Merriam Crater (Berlin et al. 1977) and Sunset Crater 
(Berlin et al. 1990; Schaber and Gumerman 1969) ash-ridge fields located about 
50 miles southeast of the Upper Basin. Consumption is represented by the pollen 
percentages from the well-preserved colon contents of a Kayenta Anasazi burial 
near Black Mesa, which is about 90 miles northwest of the Upper Basin (Reinhard 
et al. 1992). As this figure shows, production and consumption of corn may have 
been neither as common nor as widespread as once thought. The common denom- 
inator in the Upper Basin (Sites 24 and 125A) and Flagstaff (Merriam Crater and 
Sunset Crater) samples is the production of wild plants—notice the conspicuously 
low occurrence of corn pollen (Zea). It is not unreasonable to suggest, therefore, 
that variation in archaeobotanical (Gasser 1982; Toll 1988) and archaeoscatological 
(Minnis 1989) assemblages from architectural sites is consumption-dependent rather 
than production-dependent (Hawkins 1992:67). This may be an important distinc- 
tion because, in comparison to production assemblages, consumption assemblages 
are highly likely to have been affected by all sorts of post-production processes 
such as draw-down or depletion, seasonal food preferences, variation in occupation 
mode, variation in abandonment mode (Sullivan 1987), and, of course, distribution 
and exchange—factors that would have little or no effect on the composition of pro- 
duction assemblages. Indeed, all of these data are consistent with the proposition 
that, until recently, archaeologists have downplayed the magnitude of wild-resource 
production in Western Anasazi subsistence economies. It is little wonder, then, that 
small-scale, economically autonomous populations on the Colorado Plateaus have 
been viewed as “at risk.” 
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FIGURE 6 Bar charts of relative frequencies of economic pollen species from 
the colon remains of a Pueblo II! burial in the Klethla Valley, ash-ridge fields near 
Sunset Crater and Merriam Crater east of Flagstaff, and two rock-alignment sites 
(24 and 125A) in the Upper Basin. Note the near absence of maize (Zea) in these 
archaeopalynological data. 
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RISK AND SOUTHWESTERN PREHISTORY 


The importance of risk in decision making ought to be reconsidered with the follow- 
ing factors in mind. Models that focus on economic production should incorporate 
the likelihood that prehistoric societies create and adapt to anthropogenic envi- 
ronments (Ellen 1982:14-15; Kohler 1992a) whose successional stages can be man- 
aged as integral components of the annual food-supply system (Crites 1987). That 
Western Anasazi populations probably exercised considerable control over their en- 
vironments through the judicious application of fire is ethnologically plausible and 
archaeologically testable (e.g., Caseldine and Hatton 1993). In fact, it would have 
been irrational not to burn systematically and repeatedly, knowing that concentra- 
tions of plants with edible seeds, such as Indian ricegrass, sunflower, and cheno-ams, 
were sure to follow the smoke and flames (Bohrer 1983). In view of how Western Eu- 
ropeans and Americans have conceived of fire as an inherently malevolent force to 
be controlled or avoided whatever the cost (Gouldsblom 1992), it is understandable 
that archaeologists might have some difficulty appreciating “the degree to which 
Indian economies were dependent on fire” (Pyne 1982:71). However, if Western 
Anasazi populations indeed managed their habitats with controlled burning, then 
many puzzles of Southwestern prehistory, such as punctuated regional occupational 
sequences, for example, may have their origins in fruitful economic processes, rather 
than in the presumed risks associated with precarious carrying capacities.|5 
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The Calculus of Self-Interest in the Develop- 
ment of Cooperation: Sociopolitical Develop- 
ment and Risk Among the Northern Anasazi 


INTRODUCTION 


One clear trend that can be discerned in the last 15 years of otherwise-rather- 
protean Southwestern archaeology is a growing recognition that at any given time, 
demographic, productive, and organizational strategies were quite variable, even 
within comparatively small regions. Within a general trend of increasing economic 
intensification, strategies and tactics of production (Leonard and Reed 1993) could 
change quickly and in ways that are not, apparently, easily predictable. Perhaps 
it is part of the process of normal science to begin by emphasizing the most ob- 
vious patterns in time and space—as exemplified for the Anasazi by the Pecos 
classification—and only then, to focus on understanding the reasons for the variabil- 
ity that remains, unexplained and initially even undescribed, around those modes. 
In any case, we have moved from an almost complete focus on mean, or normative, 
behavior to a greater concern with variability around those norms. 


Evolving Complexity & Environ. Risk in Prehistoric Southwest, Eds. J. Tainter, 
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Part of this process of elaborating normative thought has been to reexamine 
the archaeological record for information on how climatic or environmental vari- 
ability (as opposed to average conditions) has affected prehistoric behavior. Of the 
great deal of work done in this area, that of Braun and Plog (1982) is perhaps the 
most widely cited. Their central thesis is that “sustained increases in the inten- 
sity of integration will occur as concomitants of sustained increases in region-wide 
uncertainty or risks arising from environmental change”!!! (emphasis in original). 
Their focus is on regional connectedness (presumably including interaction and co- 
operation), measured especially through stylistic traditions; environmental risks are 
measured primarily through the proxy of increasing local populations, which are 
held to increase risk through restricting mobility after a certain level of population 
is reached. In a similar vein, Upham (1984) has argued that food exchange among 
large late prehistoric sites in local clusters is related to the management of pro- 
duction risk in high-risk/high-diversity environments. Implicit in such a model is 
that food exchange should increase in times of increasing risk (we will be using risk 
here to mean variability in agricultural production, as measured by the standard 
deviation, rather than as the probability of falling below some acceptable level of 
income). In general these approaches assume some sort of positive linear relation- 
ship between increasing variability and increasing “integration,” usually making a 
further connection between increasing connectedness, or integration, and increasing 
opportunities for emergence of hierarchical sociopolitical systems. 

The present chapter builds on this earlier work to formulate a new framework 
for analyzing and predicting the behavior of producers in various contexts of pro- 
ductive shortage and abundance. We begin by assuming that nearly all agricultural 
production among the northern Anasazi was at the household level. By drawing on 
microeconomic theory, evolutionary ecology, and recent studies in the behavioral 
ecology of foragers, we then develop a context to predict when networks of food 
exchange among households ought to appear, based solely on the self-interest. of 
the households involved. Data on production variability in the Mesa Verde Region 
between A.D. 901 and 1300—recently developed by Van West (1994)—-are examined 
in this context, and these sections draw heavily on Van West and Kohler (1995). 
We then try to argue that networks of food sharing provide a foundation for more 
general elaboration of sociopolitical complexity in cases where production provides 
a surplus. In the final sections of this chapter we examine the implications of this 
work and point to some of the fruitful avenues for research that it suggests. 


Ol Their argument is meant to apply only to situations which are not severe enough to endanger 
the existence of the network itself (Braun and Plog 1982:508). We will try to make the case 
that systems of interaction, coordination, and sharing exist on several levels of spatial and social 
generality. Not all of these are subject to collapse, but those at the furthest reaches of social and 
spatial distance are constantly at risk and do, in fact, collapse frequently. 
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UTILITY FUNCTIONS AND RISK SENSITIVITY 


As archaeologists have been searching for such linear relationships between risk 
and behavior over the last 12 years, studies of animal foraging systems during the 
same period have moved in different directions. An exemplary early study (Caraco 
et al. 1980) drew on utility theory to explain why juncos sometimes prefer a risky 
foraging strategy (involving a variable number of seeds), and sometimes a risk-free 
foraging strategy (involving a fixed number of seeds), when the long-term payoffs 
from both were the same. Utility theory was developed in economics in the mid- to 
late nineteenth century, although Daniel Bernoulli, in the 1730s, was already postu- 
lating that the value of an additional dollar to a person was inversely proportional 
to his current wealth (Rima 1972:182). 


The concept of marginal utility expresses the subjective value or want- 
satisfying power of an additional unit of a given good to a particular user. 
The importance an individual attaches to an additional unit of a particular 
good depends in part on its relative scarcity. The larger the supply of a 
given commodity, the smaller will be its relative significance at the margin 
(Rima 1972:182-183). 


A utility function relates some amount of goods (on its abscissa, or x-axis) to 
some psychological utility or value for those goods to a consumer (on the ordinate, 
or y-axis). Caraco et al. (1980) noticed that when birds were deprived of food, they 
were more likely to choose a variable reward, whereas they favored a fixed reward 
when their energy budget was positive. Deprivation (or satiety), they concluded, 
changed the shape of the utility function that guided junco foraging “decisions” so 
that it was not linear in form (see also Krebs and Kacelnik 1991; Stephens 1981). 
Decisions that systematically discriminate between different strategies that have 
the same expected (mean) value but differing degrees of variance are said to be 
risk-sensitive (Kaplan et al. 1990; Stephens 1990). 

Consider the utility function graphed in Figure l(a). It represents one possible 
relationship between total output of a foraging or production system as measured in 
units such as bushels or kilocalories (on the z-axis) and the value or utility of that 
production to the producer (on the y-axis). (An equivalent analysis, in the language 
of behavioral ecology, could be made by considering fitness outcomes rather than 
utility on the y-axis.) If the relationship were a straight line, then the difference 
in value between, say, 10 and 20 bushels of corn would be the same as that be- 
tween 30 and 40. There is, however, reason to expect that this relationship is often 
of the general sigmoid form graphed here (see Smith 1988:236; Smith and Boyd 
1990:170-172). By this we do not suggest that we can define a specific curve for 
this (or any) archaeological context, but our conclusions will strengthen the con- 
jecture that the appropriate curve belongs to the general, sigmoid-shaped family 
of functions. In such a relationship, the value of marginal production increases more 
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FIGURE 1 (a) Good-year economics. Units of production on the z-axis; units of value 
to the producer of a certain level of harvest on the y-axis. The variability notated by a 
and @ could represent different plots in the same year, or different years in a series 
of generally good years. V(Z) represents the average value realized after pooling; 

[V (œ) + V(G)]/2 represents the average value realized by not pooling. After Smith 
(1988). (b) Bad year economics. in contrast to good years, in bad years V(Z) (the 
expected value of pooling) is less than [V (aœ) + V()]/2 (the expected value of not 
pooling). 


quickly than production itself when few units are being produced, but more slowly 
when many units are being produced. So the difference in value between 10 and 20 
bushels of corn may be either more—or less—than the difference between 30 and 
40 bushels, depending on how the inflections on the utility function interact with 
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these production levels on the z-axis. Slightly more formally, the sigmoid curve 
graphing total utility starts off with zero slope, has an increasing first derivative 
(which is the marginal utility) until the second derivative reaches zero, and then a 
diminishing marginal utility as the first derivative asymptotically approaches zero. 
One important emphasis of this chapter is that the household decision to share, or 
to hoard, should be affected by whether household production is above, or below, 
the major inflection point where the second derivative equals zero, beyond which 
marginal utility begins to decrease. 

In the lower left-hand portion, or upward-concave portion, of the total utility 
curve, then, the marginal utility of another bushel is always greater than the last. 
The flat, initial segment of the curve may be thought of as indicating the presence 
of an “outside option”; under extremely adverse conditions—below some threshold 
required to meet reciprocal obligations or avoid starvation, or below the minimum 
threshold required to make a living as a farmer—defection into the countryside to 
pursue a foraging strategy, or to join a different group, must have been a possibil- 
ity at most times. The diminishing marginal value segment of the curve (concave 
downwards, in the upper right-hand portion of the graph) is based on a great deal 
of economic research in the tradition discussed by Rima above. In the present case, 
for subsistence farmers, we presume that an additional bushel of maize in a very 
large harvest is not as valuable as an additional bushel of maize in a moderate 
harvest, since very large harvests present storage problems; since maize degrades 
to some extent during storage; and since transportation for exchange is not free. 
Yet very large harvests probably occur, given lucky combinations of planting and 
harvesting conditions, even if farmers plant only enough to get adequate harvests 
under average conditions. Sebastian (1991) makes the interesting argument that the 
ninth-century pithouse-to-pueblo transition marks the development of a strategy of 
overproduction (in average and good years) and an emphasis on storage, rather 
than foraging, to get through lean years. 

An important characteristic of these curves is the way in which values of means 
taken on the z-axis differ from the mean values of the unaveraged yields taken on 
the y-axis. If mean production falls within the diminishing marginal value segment 
of the curve (as in Figure 1(a)), then the mean value of having chosen a risky gain 
(simplified here as [V (œ) + V(@)]/2 is lower than the mean value of having chosen 
a risk-free gain (V[Z]).!?] At high production levels, each household will optimize 


[2] Imagine a as the harvest of some household in one year, and 2 as the harvest of the same 
household in the following year. (œ could also be the production of a household in year 1, and 8 
the production of another household in the same year.) If—in the first case—the household shares 
its production with no other household, then after two years, its expected value realized from both 
harvests will be [V(a) + V(8)]/2. (Here the value for each year’s production is realized on the 
y-axis and then the average value over two years is calculated.) On the other hand, if the harvest 
was generally shared by households within a village before its value was “realized” (consumed), 
then the expected value for each household would be the average (V[Z]) across all the households 
in the village. In this case, the mean is calculated on the production axis, and then its value is 
“realized” on the y-axis. 
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the value of its production by consuming at the mean production level (say, for its 
village) rather than averaging the value of consuming randomly-varying harvests 
through hoarding and storage (because, in good years, V(Z) > [V (œ) +V(@)}/2). In 
other words, households should avoid risk during a series of good years. Conversely, 
if we slide the Z and variance indications a and ( well to the left on the z-axis, the 
mean value of production is increased by consuming the average of the stochastic 
variability (because, as in Figure 1(b), V(z) < [V(a@) + V()]/2). In bad years, 
households should be risk-seeking in their production/consumption strategies. 

There are two major dimensions to variability in agricultural production for 
the Anasazi. First, holding space constant, there is variability from year to year in 
the production of any given plot due to climatic fluctuation (and other factors); 
second, within any year, there is spatial variability in the productivity of various 
agricultural plots. Many behaviors have been linked to attempts to avoid these 
risks. Two important strategies are storage, to buffer the year-to-year variability, 
and pooling food among producers, to buffer spatial variability within any year.l3l 
Since stored food may also be subject to pooling, and pooled resources may not 
be immediately consumed, it might be expected that these conceptually distinct 
responses to temporal and spatial variability might in practice be correlated. The 
terms “pooling” and “sharing” are used as synonyms here to encompass both the 
restricted sharing and the more general pooling of resources distinguished by Heg- 
mon (1989). Although the precise sharing rules in place are of great interest, all 
we need to assume about those rules at this point is that (1) the system provides 
for those producing above the local mean to give more to those who produced be- 
low the mean than vice versa; and (2) that reciprocal obligations are recognized 
and can generally be met. The number of sharing households necessary to achieve 
dramatic reductions in income variance is related to the degree of correlation in 
production among households, and may in practice be fairly small (Hegmon 1989; 
Winterhalder 1986). 


TO SHARE OR NOT TO SHARE 


The model to be examined here is quite simple, although some of its predictions 
are not intuitively obvious. The decision variable to be analyzed is whether or 
not a household should pool its agricultural production prior to consumption. A 
number of assumptions are made.|4] In periods characterized by relatively high mean 


[3]Keeping many plots is another obvious option (Hegmon 1989; this volume). Whereas we do not 
deny that this may have been of some importance, as it was clearly practiced in historic times, 
it would be difficult for a household to monitor many plots during the key harvest period. This 
option is probably more attractive in landscapes with relatively little wild game, as in the Medieval 
English situation discussed by Winterhalder (1990). 

[4] These include: (1) the shape of the utility function; (2) that each household seeks to optimize 
the utility from its consumption; and (3) that local household harvest rates are not perfectly 
correlated across years. 
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production, behaviors involving pooling of production ought to be attractive, both 
for the prodigious households (since the value of production they give away through 
sharing in a good year will be less to them than the value of the production they 
expect to receive through sharing in a bad year) and for the less fortunate (for the 
same reasons).|5] If these same periods are also subject to relatively high year-to-year 
fluctuation (we will be measuring temporal and spatial variability below in terms 
of their standard deviations), the difference between the value of the mean post- 
pooling consumption rate (V[Z]) and the value of the mean nonpooling consumption 
rate ([V(a) + V(6])]/2) is accentuated (compare Figures 2(a) and (b)). So periods 
with high mean production, coupled with high annual fluctuation in production, 
ought to be especially favorable for the development of pooling behaviors. Finally, 
and for the same reasons, periods having high spatial variability in production 
should also tend to favor risk-averse (pooling) behaviors. As long as these conditions 
persist, and as long as the distribution of yields (not the yields themselves) is more 
or less similar for all households, the system of sharing will seem to be to the 
advantage of all, and ought to persist.|6 

On the other hand, periods when mean production is quite low ought to dis- 
courage sharing (and favor defection from any ongoing system of sharing). (The 
term “defection” is borrowed from game theory [e.g., Axelrod 1984:8] as shorthand 
for the decision not to go along with some system of cooperation.) This is because 


\5]Smith and Boyd (1990) show how an analogous system among hunter/gatherers can profitably 
be modeled as a two-person or n-person game, having payoffs to participants structured according 
to the Prisoner’s Dilemma (PD). (Sigmund [1993:180-206] provides an excellent introduction to 
the study of this social dilemma, in which the rational strategy is to defect, but with undesirable 
outcome that if both players defect, they receive payoffs that are less than if both cooperate.) 
For the one-shot PD game, the dominant strategy is to defect (not share). Two obvious ways out 
of the dilemma, both eminently applicable to the Puebloan situation, are strong social sanctions 
against defection, and/or an “iterated structure” to the game which makes it very likely that 
current players will meet again (Axelrod 1984:9-21; see also Gumerman and Dean 1989). In a 
stable village setting, the future must loom large in this manner. However, we will argue that 
there may not have been strong social sanctions in place against defection until about A.D. 1300 
throughout much of the northern Southwest. For the system analyzed here, the average payoff for 
cooperation will be higher than the average payoff for defection only in times of relatively high 
production (as in the PD); thus, in periods of low production, this is not a PD game. 


[§lIn this chapter we stress climatic-economic reasons why such systems break down, but it is 
also possible to see, in this formulation, how the system would be endangered if some households 
continually produced more than others. With no expectation for receipt of valuable reciprocal 
goods in bad years (since there are no bad years), such households could defect (in the absence 
of very strong social sanctions). This situation is in fact covered by the model, to the extent that 
we predict sharing to be less valuable in times of little temporal variability in yields. However, 
the example illustrates that the distribution of yields over time may not be the same for all 
households in a village, especially given a developed system of land tenure with field ownership 
at the household, lineage, or clan levels. It also illustrates that defection from a reciprocal system 
would not necessarily originate in the less-productive households. 
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FIGURE 2 In good years, increasing production variance (through time or space) 
increases the relative value of pooling when average production is held constant. 

(a) A series of years with a relatively high mean production and relatively high variance 
results in relatively large differences between the expected value of sharing versus not 
sharing. (b) A series of years with the same mean but relatively low variance results in 
less difference between the expected value of sharing versus not sharing. Notation as 
in Figure 1. 
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FIGURE 3 In bad years, increasing production variance (through time or space) 
increases the relative value of not pooling when average production is held constant. 
(a) A series of years with a relatively low mean production and relatively high variance 
results in relatively large differences between the expected value of sharing versus not 
sharing. (b) A series of years with the same mean but relatively low variance results in 
less difference between the expected value of sharing versus not sharing. Notation as 
in Figure 1. 


the value (on the y-axis) of the mean risky (nonpooling) consumption is higher than 
the value of the mean risk-free (i-e., post-pooling) consumption. Moreover—and this 
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point seems to go against traditional archaeological intuition—high temporal or 
spatial variability in periods of low mean production will exaggerate the difference 
between the values of the mean risky and the mean risk-free consumption rates. 
In periods of low mean production, the relative value of defection compared with 
sharing is greatest when temporal or spatial variability is greatest (compare Figures 
3(a) and (b); see Hegmon 1989:93 for a related point, expressed in the currency of 
risk reduction rather than utility maximization). Another way to say all this is that 
when yields are generally poor, and have been for some time, the prodigious (but 
still hungry) household is discouraged from sharing by the fact that the production 
it gives away (in a slightly less lean year) is greater in value than the production it 
can hope to receive (in a year that is even worse). 


SUMMARY OF THE MODEL FOR PREDICTING DEVELOPMENT OF FOOD 
SHARING AMONG HOUSEHOLDS 


Pooling of food (a form of risk-averse behavior, and perhaps a critical element of 
cooperative behavior in general) is most likely to develop in periods of high mean 
productivity, high variability in productivity from year to year, and great differences 
in productivity across space. In periods characterized by low mean productivity but 
high temporal and/or spatial variability, pooling is not in the best interests of the 
participants, and is expected to break down, if present, or not to develop. Because 
we cannot directly observe utility functions for any society, especially a prehistoric 
one, it is comforting to learn that Sebastian (1991:111) has marshalled ethnographic 
evidence to show that small-scale agricultural societies do tend to share in good 
times, and hoard in lean times, a behavior which makes sense only if their implicit 
utility functions resemble those assumed here. In the next two sections we discuss 
how periods that meet these conditions are defined, and how “pooling behavior” 
(and its demise) might be recognized in the archaeological record. 


METHODS FOR EVALUATING MODEL PERFORMANCE 
IDENTIFYING PERIODS OF INTEREST 


Because the shape of the utility function entails that the expected value of pooling 
will exceed the expected value of not pooling only when the mean production is 
relatively high, it was first necessary to identify periods of relatively high mean 
production in the record. Such periods should be relatively long in order to have 
some chance of being able to recognize them in the archaeological record, and to 
allow decisionmakers to have some idea as to the relative payoff for pooling versus 
defection in order to be able to make decisions on that basis. This would probably 
be impossible on the basis of very few years with given conditions. 
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FIGURE 4 Smoothed annual estimates of total maize productivity in kilograms. Periods 
identifiable as favorable for, or unfavorable for, pooling are identified by bars above and 
below the series, respectively. 


Periods with relatively high mean production were found by smoothing Van 
West’s (1994:133) estimates for total maize production for a study region encom- 
passing about 1500 km.” in Southwest Colorado. These estimates were developed 
for each year from A.D. 901-1300, at a spatial scale of 4 ha., and are sensitive to 
soil depth classes, elevation, and soil moisture (as retrodicted through estimates of 
Palmer Drought Severity Indices, calibrated from the relationship between modern 
temperature and precipitation data and recent tree-ring indices). Van West (1994) 
describes in detail how these paleoproductivity estimates are derived, and the en- 
vironments and prehistory of the study area. The smoothed series of production 
values is displayed in Figure 4. This series appears to encompass five periods (from 
24 to 50 years in length) of relatively high average production, identified by solid 
bars above the graph, and five (somewhat shorter) periods of relatively stable low 
means, identified by bars below the graph. The periods of below-normal production, 
expected to be unfavorable for pooling, range in length from 10 to 50 years; many 
of the unfavorable periods are rather short. This left 117 years (A.D. 901-1005 and 
1289-1300) which were not part of either a stable high or low period and which are 
considered neutral in terms of the model. 

The next step was to compute measures of temporal and spatial variation in 
production within each of these defined periods. This is necessary because the 
model predicts that pooling will be most attractive in periods with relatively high 
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means that also exhibit high temporal and spatial variability in production. Tem- 
poral variability was measured here as the standard deviation around the mean 
production (per hectare per year) for each period. Spatial variability within each 
year was likewise measured by the per hectare standard deviations, and these annual 


TABLE 1 Periods with differential advantages for pooling, ordered by median rank for mean 
total maize productivity and measures of temporal and spatia! variability. 


Mean annual Standard dev. for Mean standard 


maize annual maize deviation in 
productivity productivity production 
during during across region 
Period! in period x 100 period x 100 during Value of pooling 
Years A.D. (ranks (rank within period (rank as predicted by 
(median ranks) within group) group) within group) model 
[c] 1100-1129 (1)? 71,356 (1) 13,702 (3) 305 (1) strongly positive 
[d] 1180-1211 (2) 70,797 (2) 14,893 (2) 303 (2) | 
[a] 1006-1029 (3) 68,118 (3) 13,683 (4) 299 (3) | 
[b] 1049-1088 (4) 68,109 (4) 16,000 (1) 294 (5) | 
[e] 1222-1271 (5) 66,418 (5) 11,772 (5) 296 (4) weakly positive 


all 117 years not 

included in a 64,666 14,284 289 approx. neutral 
favorable or 

unfavorable period 


[h] 1089-1099 (1) 59,607 (1) 10,961 (3) 275 (1) weakly negative 
fg] 1030-1048 (3) 59,046 (3) 10,687 (1) 277 (3.5) | 
fi] 1130-1179 (3.5) 59,433 (2) 12,130 (5) 277 (3.5) | 
(j] 1212-1221 (4) 58,333 (4) 11,866 (4) 276 (2) | 
|k] 1272-1288 (5) 58,033 (5) 10,797 (2) 280 (5) strongly negative 


901-1300? 64,925 13,937 290 — 


E a a a 
1 The bracketed letters in front of each period identify the periods in the plot of 
smoothed regional production values (Figure 4). 


2 The median ranks of periods in this analysis differ slightly from those in Van 
West and Kohler (1995), where measures of temporal and spatial variability were 
based on residuals from regressions against productivity measures. 


3 Means for the entire series, for comparison. 
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measures were averaged for all the years within each defined period to form a 
measure of average spatial variability in each period. 

For each period, the mean production and these measures of temporal and 
spatial variation are displayed in Table 1. (The accuracy of these figures can be 
roughly estimated for the historic period, but not for the prehistoric period, and it 
is likely that we present more significant digits in this table than is warranted.) In 
the first column of this table, the periods are ranked according to the best estimate 
of the overall attractiveness of pooling. For the set of periods in which pooling is 
expected to develop, this ranking is achieved by first ranking the scores in columns 
2, 3, and 4 from high to low (with a rank of 1 assigned to high positive scores). Then 
each period is assigned an overall rank by taking the median of these three ranks. 
Thus, the ranks for period [c] are 1, 3, and 1, yielding a median of 1,7) the highest 
rank for any period. We used ranks, rather than standardizing these three values 
as z-scores and taking their mean, because of some disjunction between what we 
would like to measure (the achieved production per household, given some particular 
distribution of population and fields in any given year) and what we are actually 
measuring (an estimate of potential production across the entire landscape).!8 

The periods in which the expected value of defection is greater than that of 
sharing were then ranked according to the same logic. The greatest rewards for not 
sharing are connected with low mean production (the lowest is assigned a rank of 5 
in Table 1, column 2), high temporal variation (the highest is assigned a rank of 5 
in column 3 of the same table), and high spatial variation (the highest is assigned 
a rank of 5 in column 4). Then the median of these three ranks was used to assign 
to each period an overall attractiveness for sharing behavior. For example, period 
[k] with ranks of 5, 2, and 5 received a median rank of 5, identifying it as the least 
favorable period for pooling in the 400-year record. This is the period from A.D. 
1272 through 1288. 


IDENTIFYING POOLING BEHAVIOR IN THE ARCHAEOLOGICAL RECORD 


To examine the predictions of this model we must be able to monitor the growth 
and demise of cooperative behavior in the northern Anasazi Southwest, particularly 
those cooperative behaviors that might involve food sharing. The vast literature on 
integration, reciprocity, redistribution, political complexity, and aggregation is all 
germane in attempting to identify what these behaviors might be. Our tactic in 
choosing measures that ought to be involved with food sharing was to choose as 
many indices as possible in the full realization that none may be a pure measure of 


[7}For the case of three periods with one tie, the median will equal the mode. 

[8] This disjunction is probably greatest when population levels are relatively low, and farmers have 
more freedom to select parcels of land that they judge likely to do well in the following year, based 
on previous experience. When population levels are higher, the variability in achieved production 
probably more closely mirrors that of the larger landscape. 


TABLE 2 Initial test of the Pooling Model. 


Predicted 
High Positive <—\ Strength of Pooling Advantage —> High Negative 


1100- 1180- 1006- 1049- 1222- Neutral 1089- 1030- 1130- 1212 1272- 
1129 1211 1029 1088 1271 years 1099 1048 1179 1221 1288 


Expectations for Periods in which 
Pooling is Expected: 
Growth/aggregation at site level ++ + + + +++ ? X? ? + ? - 
(e.g., more rooms indicate 
more residents) 
Growth/aggregation at community ++ + + + ++ ? ? ? ? ? - 
level (e.g., more sites 
indicate more members) 


Great Kivas 7 2 ? 1 5 ? ? ? ? ? 0? 
Reservoirs + + ? ? ++ ? ? ? + ? -? 
Great Houses 10 ? ? 1 3 ? ? ? + ? 0 
Roads 5 1 0 ? 1 ? ? ? + ? 0 
Enclosing Walis/interior Plazas 1 ? 0 0 6 ? ? ? ? + 0? 
Triwalled and Biwalled Structures 1? 0 0 0 5 ? 7 ? ? ? 0? 
Foundation of hamlets associated ++ + ++ to Ft ? ? ? - ? - 
with the establishment/growth of 
aggregates 
Expectations for Periods in which 
Defection is Expected: 
Breakup of aggregates ? ? ? ? ? + p K + ? + 
Overall strength of evidence for pooling 1 3 5 4 2 not 9 9 6 7 9 
(rank relative to other periods) ranked 


1 This refers to the breakup of the mid-ninth-century Pueblo I villages (as in the Dolores Archaeological Project 
area) which may take place slightly before A.D.900. 
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the dimension. We consider all to be at least weakly involved with the dimension 
of interest. 

The measures selected are listed in the first column of Table 2. More discussion 
of how these facets of the archaeological record might be involved with food sharing 
can be found for aggregation at the site level in, for example, Glassow (1977:206); for 
growth and aggregation at the community level in Orcutt et al. (1990) and Sebas- 
tian (1991); for great kivas and triwall structures in Plog (1974:127); for reservoirs 
in Haase (1985); and so forth. Ford (1972) provides a general perspective on the 
importance of the movement of food in contemporary Tewa ritual and society. Our 
underlying premise is that all of the cooperative behaviors implied by these collec- 
tive features—but especially aggregation itself—are built on the foundation of food 
sharing and provide a theater where continual face-to-face contacts reinforce mu- 
tal obligations and make free-riding easier to detect. Other measures of increased 
interaction, such as higher intraregional rates of exchange of regionally produced 
ceramic and lithic materials, should also be expected in periods in which regional 
production potentials favored development of pooling. Unfortunately, we know of 
no studies that describe the volumes of any intraregional flows of materials with 
enough temporal precision to be useful in testing the present model. 

Table 2 lists only one “positive” test implication for the periods in which sharing 
is expected to break down—the dissolution of aggregated sites. Of course, we also 
expect to see no evidence in these periods of the behaviors we connect with sharing. 

The temporal precision of our expectations exceeds the temporal precision of 
a good deal of the archaeological record. For this reason the tree-ring dated sites 
in the study area (Van West and Kohler 1995:Table 4) are especially valuable for 
testing the expectations. We add to the group of tree-ring dated sites another 
group of sites for which probable peaks of occupation can reasonably be derived 
from ceramic materials, and tabulate those items of public architecture from this 
larger set of sites that we wish to use as indices of increased sharing of resources (see 
Van West and Kohler 1995:Table 5). Finally, in Table 2, these data are tabulated 
against the periods identified under our model (in Table 1) as either rewarding 
cooperative food sharing, or rewarding defection. 


RESULTS 


The general pattern of the record is strongly in the directions anticipated by the 
model. The period between 1100 and 1129—in which the expected value of coopera- 
tive behaviors is highest—coincides with the local buildup of the “Chacoan system.” 
The mid-1200s, when the “terminal” aggregation takes place at canyonhead sites 
such as Sand Canyon, is also, correctly, predicted to be a time when cooperative 
behaviors are expanding or stable. The breakup of the local Chacoan-related system 
(between 1130 and 1179) and the final abandonment of the region (in the 1270s or 
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1280s) are likewise found in those periods in which defection ought to be advanta- 
geous, according to the model. Finally, although we did not include it as a formal 
expectation for periods of defection in Table 2, cannibalism perhaps represents the 
ultimate in negative reciprocity. The occupations of the four sites within or near 
our study area for which White (1992) finds strong evidence for cannibalism gener- 
ally coincide with periods for which defection is predicted. The Grinnell site (A.D. 
1135-1150, White 1992:376) is occupied entirely within period [i]; 5MT3 at Yellow 
Jacket (A.D. 1025-1050, White 1992:378) is occupied almost entirely within period 
lg]; 5MTUMR-2346 is poorly dated but the probable occupation in the first half 
of the twelfth century generously overlaps period [i]. Perhaps least likely to be in 
conformity with our prediction is the cannibalism at 5MT1 in the Yellow Jacket 
complex, probably dating to the late A.D. 900s and early 1000s, apparently over- 
lapping neutral, favorable, and unfavorable periods, although possibly terminating 
in unfavorable period [g]. 

Some of the apparent failures in prediction may reflect weaknesses in our ability 
to date the archaeological record precisely. We suggest that many of the “+” signs in 
the 1130-1179 period in fact pertain to sites actually belonging to the immediately 
preceding period of more favorable conditions. Three of the periods in which we 
predict defection (1030-1048, 1089-1099, and 1212-1221) are simply too short to 
identify with confidence in the record. 

How does this model perform relative to some obvious rivals for predicting 
the timing of increase in cooperative behaviors? In Table 3 we examine two such 
models—one in which simple abundance (high productivity) is used as a predictor 
of cooperative behaviors (column 4), and a second, “risk-buffering” model, similar 
to that espoused by Braun and Plog, where periods of greatest temporal and spatial 
variability are predicted to have most evidence for cooperative behaviors (column 
5). 

The performance of all three models is quite good, and probably undifferen- 
tiable, given the vagaries of the data. The correlation between the predictions of our 
model (labeled the “risk-sensitivity model” in column 3 of Table 3) and the archae- 
ological record as we read it, is 0.60 as measured by Kendall’s Tau-b (Tẹ); between 
the simple abundance model, and the record, 0.60; and between the “integration as 
risk-buffering” model, and the record, 0.71. 

In fact the predictions of all three models are very similar, as can be appreciated 
from the last row of Table 3, which displays the correlation coefficients among the 
predictions. In this landscape, the spatial variance in production across the study 
area in any year is highly correlated with the mean annual (per hectare) produc- 
tivity. Areas of thin rocky soils in the study area do poorly almost all the time, 
whereas production in areas of deep loess soils is very responsive to recent and cur- 
rent precipitation. It should also be noted that periods in which mean productivity 
is relatively high tend to display relatively high year-to-year variability, probably 
because of the mean/variance effect, in which high means entrain high variances, 
but also because there is a floor below which productivity rarely falls, so that 


TABLE 3 Performance of competing models for development of cooperative behaviors in the archaeological record. 


Deg. of integration seen Deg. of integration pre- Deg. of integration Deg. of integration Deg. of integration predicted 


Period in record (rank based on dicted by risk-sensitivity predicted by risk- predicted by by risk-buffering model 

(A.D.) data on Table 21) model (Table 1) abundance buffering model? with abundance removed? 
1100-1129 1 1 1 1.54 8 
1222-1271 2 5 5 5 6.5 
1180-1211 3 2 2 1.54 4 
1049-1088 4 4 4 3 5 
1006-1029 5 3 3 4 2.5 
1212-1221 6 9 9 7.54 2.5 
1130-1179 8.54 8 7 6 6.5 
1030-1048 8.54 7 8 9 9 
1089-1099 8.54 6 6 10 10 
1272-1288 8.54 10 10 7.54 1 


Tp correlation 
coefficients with 
column 2 data 0.60 0.60 0.71 -0.07 


Te correlation 

coefficients with 

“risk-sensitivity” 

model 0.96 0.61 -0.16 


In making this ranking, we assumed, as suggested above, that the ‘+’ marks in the 1130-1179 column of Table 2 are due primarily to 
problems in dating sites that are in fact slightly earlier; that is why the ranks here differ slightly from those in Table 2. Only more 
research at the questionable sites could settle this problem. 

This ranking was calculated after removing the linear relationship of the measures of temporal and spatial variability (columns 3 and 4 
of Table 1) with a measure of annual maize productivity (column 2, Table 1) through regression. The resultant residuals are termed meas- 
ures of “relative” temporal and spatial variation by Van West and Kohler (1995) and are displayed in columns 4 and 5 of their Table 3. 


3 Calculated by ranking the periods based on the average of the ranks for temporal and spatial variability (using data from columns 3 
and 4 of Table 1), taking ties into account as appropriate. 


4 Ties. 
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periods of relatively low productivity (with few years departing radically from that 
floor) automatically display low year-to-year variance. Taken together, these two ef- 
fects dictate that periods of high temporal and spatial variability (which according 
to the risk-buffering model ought to favor increased integration) are almost auto- 
matically periods of high abundance, and periods when the calculus of self-interest 
discussed above would predict food sharing. That the risk-buffering model performs 
well because of this effect, and not because of variability per se, can be seen in the 
last column of Table 3, where we subtract the linear dependence that our measures 
of temporal and spatial variability have on raw production. So recast, this model 
performs very poorly against the archaeological data. In future comparisons of these 
models, it would be desirable to select more carefully the spatial frame so that areas 
of relatively low productivity are not included; this would minimize the mechanical 
correlation between high productivity and temporal and spatial variability in pro- 
ductivity. However, it is inescapably a characteristic of these landscapes that these 
factors are correlated to some extent. 

In assessing the performance of the risk-sensitivity model, it is important to 
remember that the household-level decisions that it predicts are being made on 
the basis of perceived per household values. Thus, the regional productivities (by 
which we predict the household-level decisions) ought to be corrected for regional 
population sizes. We have not been able to do so, although such corrections would 
be possible for some subsets of the study area. With such a (negative) correction to 
income (on the z-axis of our utility functions) the relative value of pooling (on the y- 
axis) would likewise tend to decrease, and this effect should be more marked in times 
of high population than in times of low population. Therefore, when populations 
are high, a given level of production and degree of spatial and temporal variability 
should result in less likelihood for food sharing and related cooperative behaviors 
than in times of low population, according to the model. 

In Table 4 we examine our predictions for this effect. What we find is the oppo- 
site of what we expect. The marked cells indicate periods for which the model and 
the data disagree the most. Large positive residuals (indicating more cooperative 
behavior in the record than predicted; outlined in Table 4) are found in the context 
of relatively high populations. On the other hand, the negative residuals (indicating 
less cooperation than predicted; stippled in Table 4) are found mostly in the con- 
text of relatively low population levels. Unless we assume that the decisionmaking 
model, or the data, are seriously flawed, high population levels are promoting the 
desirability of cooperation in some way that more than counteracts the negative 
bias against cooperation that they should entrain by their effects on per-household 
income. 
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DISCUSSION 


There are several ways in which the apparently strong effect of population size on 
promoting cooperation could be explained. One contributing factor might be that 
during this time population never reached a level in which per-household income was 
severely affected. This possibility is difficult to reject, although it has been possible 
to demonstrate that in particular situations, households have certainly had to work 
harder to maintain an acceptable level of income in times of high population and 
aggregation. For example, Kohler et al. (1986) were able to show that in the Dolores 
area, average (per household) distance to fields must have increased from only about 
0.2 km., under conditions of low population and dispersion, to over 1.6 km., when 


TABLE 4 Differences between predictions of risk-sensitivity model and archae- 
ological data, examined against rough population index. Shaded cells indicate 
much less cooperative behavior than predicted; outlined cells indicate much 
more than predicted. 


a a a a a a a a ES 
Period Difference between predicted and Ordinal index of probable 
(A.D.) observed rank (positive values regional population density 

indicate more cooperative (1 = lowest)! 
behavior than predicted) 


1006-1029 
1030-1048 
1049-1088 
1089-1099 
1100-1129 
1130-1179 
1180-1211 
1212-1221 
1222-1271 
1272-1288 


1 These are impressionistic. Relatively accurate population estimates 
can be made only for specific portions of the project area (especially 
the Dolores Archaeological Project area, Mockingbird Mesa, Upper 
Sand Canyon, and Lower Sand Canyon). These estimates, tabulated 
in Van West and Kohler (1995:Table 1) show that, generally, popula- 
tion increases and decreases are not synchronized within the study 
area, further complicating the task of making regional estimates. 
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population size was high and people lived in large villages (see also Orcutt et al. 
1990). 

However, even if per-household production was not diminished when popula- 
tions levels were high, this by itself cannot explain what appears to be the positive 
effect that high populations have on cooperative behaviors (at best it would explain 
the absence of a negative effect). Where else can we look for some cause? 

One place is in the nature of the landscape itself, with its rich array of nat- 
ural and social features. The effects of large, sedentary populations of farmers on 
the biotic landscape are now beginning to be understood (Floyd and Kohler 1990; 
Kohler 1992b; Kohler and Matthews [1988]; Speth and Scott 1989). Wild-food de- 
pletion in conjunction with high population levels increased Anasazi commitment 
to and dependence upon agriculture. Under such conditions the landscape would 
have begun to fill up with marks of ownership (Adler 1990; Kohler 1992a), partic- 
ularly where agriculture was most reliable and productive. In periods of both low 
population and low production, defection into an open landscape retaining abun- 
dant wild resources was more attractive than in periods of low production coupled 
with high population. We suggest that population levels—because of their effect 
on the landscape and on the required level of agricultural intensification—in effect 
changed the shape of the utility function to make sharing more attractive when 
population was high, and less attractive when population was low. From a game- 
theoretic perspective, the value of defection relative to cooperation was lower in 
populous landscapes. The dilemma of the 1270s/1280s in the study area was that 
the biotic and social characteristics of the landscape necessitated a sharing adap- 
tation at the same time as climatic characteristics were making such cooperative 
behaviors increasingly unattractive. The abandonment of the Four Corners area 
may be due more to the undesirability of dispersing into a landscape that had lost 
its attractiveness for the dispersion/disintensification option, than to the absolute 
production levels that could have been achieved. 

Our simple model predicts that cooperative behaviors such as aggregation can 
develop in the absence of marked increase in population, and at any population 
level. This prediction may in fact agree with the circumstances of aggregation in 
the Zuni (Stone 1992) and Taos (Crown et al. 1990) areas. If our interpretation of the 
weaknesses of the simple model is correct, however, the productive characteristics 
that favor pooling would have to be correspondingly more exaggerated to have the 
same effect in a sparsely populated region as in a densely populated region (see 
a parallel argument in Plog et al. 1988). The population history and level of the 
region are key contexts within which the utility model that influences decision- 
making must operate. 

A second important area in which this simple model is almost certainly too 
simple is in its ignorance of extraregional productive characteristics. Presumably 
at least part of the population history of our study area can be explained by its 
attractiveness relative to other regions, in the same way as some population move- 
ments within the study area have been explained (Schlanger 1988). If so, this in 
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turn will affect the shape of the utility function (or, in game-theoretic terms, the 
nature of the payoff matrix for cooperating versus defecting) within the study area. 

Finally, to lop off some portion of the Southwest from the whole for analysis is 
to assume that developments in each subregion were independent. Clearly our study 
area is influenced by the development of the Chacoan system outside of its borders, 
and probably by other external events and systems that are not so obvious. This 
study area is one of convenience, justifiable mostly on the basis of the high-quality 
data that makes it possible to formulate and test, in very preliminary fashion, the 
present model. Nevertheless, our general success suggests that the formation and 
dispersion of villages in this time and place is largely conditioned by local factors, 
although the form and particularities of villages and their attendant social lives are 
undoubtedly affected by complex, local and nonlocal, considerations. 


SUMMARY AND IMPLICATIONS 


In this chapter we work toward a method for predicting the development of cooper- 
ative behaviorsfood, sharing among small-scale horticulturalists. The model behind 
the method focuses on sharing of food. Food sharing is not only one of the most 
fundamental forms of human cooperation but is symbolically implicated in more 
elaborate cooperative endeavors and may form the foundation for their elaboration. 
Our goal in this chapter has not been to define the links between food sharing and 
the various cooperative behaviors that leave more visible residues in the archaeo- 
logical record. Nevertheless, examination of the performance of the model suggests 
that its utility goes well beyond the prediction of food sharing to the prediction of 
a large set of cooperative behaviors. 

The model put forward here predicts that the effect of variance (risk) in pro- 
duction on cooperative systems involving food sharing will depend on whether these 
risks are situated in a context of relatively high, or relatively low, production. Co- 
operative behaviors are most valuable in the context of high production coupled 
with high temporal and spatial variability. Such behaviors are least likely in circum- 
stances of low production coupled with high spatial and temporal variability. Essen- 
tially, the present method requires knowing something about the shape of the utility 
function before any predictions can be made about the relative value of cooperation 
versus defection. We have assumed that years of production substantially below the 
mean are low enough so that they will be located in the increasing-marginal-value 
segment of the curve, and that years well above the mean are within the decreasing- 
marginal-value segment of the curve. These assumptions require continued scrutiny. 
Provisionally, the success of the predictions they allow tends to confirm their general 
accuracy. 

It has been realized by others that villages and expansive regional systems in 
the later northern Southwest tend edto form during periods that were favorable 


190 The Calculus of Self-interest in the Development of Cooperation 


to agricultural production (see, for example, Orcutt et al. 1990; Sebastian 1991). 
In this chapter we build theory to explain why this should happen; this theory 
also successfully predicts when such cooperative systems should fall apart. One 
implication of this approach is that to turn climatic variability into a variable that is 
effective in human affairs, we first have to pass this variability through two filters— 
the first connecting climatic variability with production of economically significant 
materials (which we do with the retrodicted Palmer Drought Severity Indices and 
their resultant maize yields), the second connecting economy to cognition (which 
we attempt with the utility function). 

The most important insight we take from this analysis is the surprising realiza- 
tion that a model of behavior based entirely on the self-interest of the participants— 
a rational choice model—can explain so much of the variability we see in the settle- 
ment record of this portion of the Mesa Verde region between A.D. 900 and 1300. 
Villages with their attendant public architecture form more or less when the model 
predicts they should, and disintegrate when they should, if the chief guiding tenet 
were the narrow economic self-interest of the participants. The success of method- 
ological individualism (householdism?) in this context flies in the face of the received 
model of Puebloan adaptations as being highly group-oriented, submerging or ef- 
facing the individual.!9) This received model is, of course, based on historic groups, 
and it may well be correct for historic groups; these results minimally suggest some 
limits on backwards extrapolation from the “ethnographic present.” 

If so, it remains a fascinating empirical problem to determine at what point in 
prehistory or history the strong group-level effects featured in the received model 
became applicable to Puebloan societies. Certainly the ebb and flow of village life 
prior to about A.D. 1275, in comparison with the apparently uninterrupted history 
of village life after that time, suggest that an important threshold was reached 
about then. Perhaps with the many new techniques for water harvesting used in the 
northern Rio Grande, for example (Anschuetz 1992; Moore 1992), the productive 
conditions after A.D. 1275 always favored cooperation under a rational choice model: 
this is an important possibility that should be tested using approaches similar 
to those developed here for the Mesa Verde area. More likely, we think, is that 
other ways around the Prisoner’s Dilemma were being exploited by this time. One 


[9] These results also weaken any model that calls for the amassing of surplus by emergent leaders 
as prerequisites for village formation and the related cooperative behaviors we track in Table 2. By 
the model presented here, such general behaviors (although not, perhaps, their specific forms) can 
be explained more simply by households acting in their own best interests. Hantman (1989:442)— 
working on the same problem in the Upper Little Colorado Region—-finds no evidence for storage 
volumes large enough to suggest that “economic surplus was produced and managed prior to the 
Pueblo IV period” of maximum local aggregation (and even then, may not be large enough to 
constitute a real “fund of power”). Our result also parallels recent work among insects (reviewed 
by Deneubourg and Goss 1989; see also Théraulaz and Deneubourg 1992) that demonstrate very 
complex social behaviors emerging from individuals following a few very simple rules in specific 
environments, without requiring direction by a dominant individual. We recognize, however, that 
once established, human villages—particularly as they exist in times of probable surplus—may 
present fertile environments for the emergence of dominant individuals or groups. 
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possibility is that the “shadow of the future” loomed larger in late prehistoric times; 
indeed, in retrospect we know that the probability of future interaction among 
villagers changed after 1275, but could the founders of an Early Classic village in the 
Rio Grande have been aware that their villages would endure longer, in some form, 
than were the inhabitants of a site such as Sand Canyon? Probably not. More likely, 
what changed was the open commitment of people to a new set of sharing rules 
that crosscut kin groups and featured village-level activities more strongly than had 
been the case in the past. Such commitments would have been accompanied by a 
stronger set of sanctions for potential defectors. Open commitments to a strategy 
and social sanctions against defection represent powerful methods for by-passing 
the Prisoner’s Dilemma that had, up until about A.D. 1275/1300, dictated that 
villages endured only while times were good, and while it was in the best economic 
interest of all participants to continue to cooperate. Presumably, the katsina cult, 
the koshare system, and the remapping of kivas and social groups that all appear 
around this time provided both an attractive and a stable milieu for village life 
(Adams 1989; Lipe 1989; Steward 1937). 

A related but more general way of viewing this transition draws on theory of 
human action developed by Elster (1989). According to Elster, people decide on 
various strategies for action—from among those that are practically available to 
them, within their “opportunity set”—according to either rational choice, or by 
reference to social norms. The present analysis suggests that rational choice was 
a dominant force in Anasazi settlement strategies until the late thirteenth century 
A.D., but that after that time, social norms came to dominate rational choice. If so, 
then this transition offers a remarkable opportunity for understanding how social 
norms may develop and take over decision areas that were formerly the domain of 
individual rational choice. 

In closing, our approach suggests that disintegration of social groups beyond 
the level of close kin was a frequent way to cope with resource stress among the 
northern Anasazi prior to around A.D. 1275. Our approach also suggests that studies 
of sharing rules, and how they may change through time, is an area for critical future 
research. A final important implication of this study is that since the early villages 
and regional systems we have discussed are built on the backs of surpluses, we 
must become more sophisticated in our understanding of how these surpluses are 
mobilized and distributed (Saitta and Keene 1990); this problem is therefore closely 
connected with the problem of identifying sharing rules. 
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Risk, Reciprocity, and the Operation of 
Social Networks 


For many archaeologists, deciphering cultural practices in the prehistoric South- 
west and investigating the reasons behind observed changes in cultural behavior are 
problems inseparable from an understanding of the climatic fluctuations that form 
part of the environmental context of prehistoric societies in this region (e.g., Dean 
et al. 1985; Cordell and Gumerman 1989). There are many problems, however, 
with attempting such an analysis of the relationship between climate and human 
behavior. First, there are so many different variables associated with climate and 
environment that, as Plog and Hantman (1990) point out, it is not that difficult 
to find some type of environmental change that is roughly contemporaneous with 
a given sociocultural event. Second, there has to be some way to interpret the 
importance and meaning of such correlations for societies in the past. 

Some archaeologists have taken a methodological approach to this problem, 
investigating to what extent our (archaeological) interpretations have presented us 
with spurious temporal correlations between human behavior and climatic factors. 
Plog and Hantman (1990), for example, suggest that the contrast in temporal scale 
between the measurements of climatic change and of coarser-scaled cultural phases 
has made it difficult to sort out the actual temporal relationships between climatic 
events and cultural responses. They suggest that this situation can be remedied in 
part by improving our determination of chronologies so that we will be better able 


Evolving Complexity & Environ. Risk in Prehistoric Southwest, Eds. J. Tainter, 
& B. B. Tainter, SFI Stud. Sci. Complexity, Vol. XXIV, Addison-Wesley, 1996 197 


198 A. E. Rautman 


to detect smaller-scale patterning and correlations among cultural variables, and 
between cultural and climatic variables. 

However, the problem is not only one of detecting correlations, and rejecting 
spurious ones, but also of understanding how climate affects human actions. Hu- 
mans react to their environment, and in turn affect their environment, through 
an intermediary: the sociocultural system. Social variables such as demography 
(including population size and distribution), and technology and technological or- 
ganization (Cordell and Plog 1979), affect what climatic variables will be important 
to human groups, and affect how each may structure peoples’ options and oppor- 
tunities for action and reaction. 

Accordingly, archaeologists and anthropologists studying the interrelations be- 
tween environment and culture have also become interested in understanding the 
sociocultural factors that affect perceptions of climate, environment, and definition 
of resources (e.g., Cronen 1983). Others (e.g., contributors in Cashdan 1990) focus 
on the cultural definition of risk, and responses to risk in different sociocultural con- 
texts. In doing so, there is implicit acknowledgement that other cultural perceptions 
of identical environmental conditions are possible under different circumstances, 
that the effects of climatic and culture change may operate at a variety of temporal 
and spatial scales, and that the patterning that we perceive in the archaeological 
record need not represent strategies that are necessarily stable or effective in the 
long term (e.g., Ortiz 1990). 

Defining what is meant by risk, or identifying important levels of environmental 
variability, therefore, is not a topic that can be addressed by the anthropologist or 
archaeologist without reference to the social group that would have perceived it 
or reacted to it. For example, archaeologists can identify patterns in the climatic 
record, such as periods of lower-than-average precipitation, but evaluating the im- 
portance of these patterns to a prehistoric society represents yet another level of 
modeling. 

This chapter describes a first attempt at such a level of modeling by examining 
how social networks might have operated to reduce risk by providing a context for 
reciprocal exchanges among groups of hunter-gatherers or part-time agriculturists 
in prehistoric central New Mexico. A social network represents numerous dyadic 
interactions among individuals or groups of people, and can be described by a large 
number of variables, including its “size” or geographic location of its members, and 
its “shape” or geographic directionality. In addition, network operation might in- 
clude variables that measure, for example, the intensity of social interaction among 
network members, the nature and timing of their interactions, the duration of net- 
work relationships, the continuity of interactions among network participants, and 
so forth. 

This study begins by evaluating the expected size (spatial extent) and shape 
(geographic directionality) of social networks in prehistoric central New Mexico. 
Modern climatic information is used to evaluate the extant spatial and temporal 
patterning of environmental variability in this region, and to predict the expected 
minimum size and preferred geographical areas within which social interactions 
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could facilitate information transmission, group mobility, or resource exchange that 
could reduce the risk of subsistence stress associated with climatic variability within 
the region. The potential for reciprocal relationships among egalitarian societies 
within such a network is then considered. Network operations are not considered 
for the entire region, but rather from the perspective of small-scale agriculturists 
who occupied one particular site called the Kite Site Pithouse Village (LA-38448) 
from about A.D. 980 to 1250. 


COPING WITH RISK: THE ROLE OF SOCIAL NETWORKS 


Among nonhierarchical societies such as that which occupied the Kite Site during 
the Pithouse Period, a number of social and cultural means exist to assess and 
respond to environmental variability. Both Nelson (1995) and Minnis (1985, 1995) 
review some of the variety of behavioral and technological responses that have been 
observed among ethnographic societies. 

This study focuses particularly on the strategy of participation in a regional 
social network by individual households and local groups. Households have many 
different ways of reducing different kinds of risk (e.g., Hegmon 1995); participation 
in regional social networks is expected to be effective in mitigating only a certain 
type of risk, particularly that which is engendered by differential spatial distribution 
of resources. The social interactions within the network provide a way for people 
to exchange information about conditions in different areas, exchange resources 
from different areas, and/or define areas where people in need could go to exploit 
resources (Braun and Plog 1982; see also Renfrew 1975). 

The role of social networks in buffering subsistence risk that is caused by vari- 
ability in the natural environment stems from the fact that networks have a spatial 
component: network members reduce their risk of suffering stress by ensuring their 
own access to resources of another area. Dean et al. (1985:543) can state, therefore, 
that the utility of interaction and exchange in coping with local subsistence stress 
will depend on the spatial patterning of environmental variability. Plog (1983) has 
explicitly investigated this spatial component of variability in structuring interac- 
tions among groups in different geographic regions. 

The roles that social networks play in a given society, however, are not limited 
to buffering risk, nor are they necessarily static through time. Upham (1982) and 
Plog (1983, 1984), for example, have suggested that in some cases, the changing 
character of alliances between local networks can effect organizational change that 
leads to the development of central sites, specialized production, and possibly social 
ranking and stratification. 

The importance of social networks, and the social interactions that occur within 
them, stems from the fact that all local groups are already presumably participating 
in some form of extra-local interaction, if only to provide social contacts that are 
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necessary to maintain a mating network of sufficient size over time (Wobst 1974). 
The existence of some sort of regional social network is therefore assumed; it is 
the structure and character of the social networks that is expected to differ among 
societies. Braun and Plog (1982:508) suggest, for example, that the “social connect- 
edness” of these networks, or the degree of integration among network participants, 
will be responsive to the duration and amount (“level”) of uncertainty and risk 
associated with regional environmental variability. 

Regional social networks extending beyond the local group reduce the risk 
of resource stress by providing information about conditions in distant areas as 
well as potentially providing access to distant resources. Among hunter-gatherers 
and small-scale agriculturists, the actual amount of food exchanged within a social 
network may be minimal, but the social network provides a potential mechanism 
for identifying more productive areas, and then redistributing personnel to them 
(Colson 1979; Yengoyan 1972). 

The social contexts of exchange and the nature of intergroup contact may also 
vary, depending on the social distance between groups. Among hunter-gatherers, 
social relationships are maintained by regular interaction and exchange of goods 
and/or labor within the context of institutionalized reciprocity (Bailey and Peacock 
1988; Wiessner 1977). Institutions of feasting, exchanges of goods and labor, and 
gift giving between social units characterize middle-range and complex societies as 
well (Bailey and Peacock 1988; Ford 1972; Scudder 1962). In some societies, ritual 
obligations mediate the flow of material goods and structure interaction; ritual 
activities can also regulate and enforce interactions among socially distant groups, 
ensuring network continuity even during times when its role in risk reduction may 
not be particularly significant (Bean 1972; Ford 1972; Minc 1986; O’Shea 1981). 

If it is true that social networks can and do function to reduce risk, then two 
research questions present themselves. First, how is risk to be defined? In a given 
situation, what aspects of environmental variability contribute most to the risk that 
can be buffered by regional social interactions? 

Second, if we can identify selected dimensions of risk using independent (non- 
cultural) evidence, it should be possible to predict (or retrodict) some aspects of 
network operation: for example, the expected minimum size of social networks that 
would be effective in reducing this risk. 

It is assumed here that cultural response to risk will match, in capacity and 
scale, that variability with which it is intended to cope (Clarke 1985; Minnis 1985). 
The structure of environmental variability is therefore particularly important for 
analysis because it provides an independent predictor of the structure of effective 
cultural response (Halstead and O’Shea 1989). While there is little direct relation- 
ship between climate and human behavior, a study of environmental variability can 
provide.an estimate of the relative vulnerability of certain areas to unpredictable 
and stressful conditions, and monitor the synchrony of conditions among areas. 
It can thereby provide a means of evaluating the potential effectiveness of cul- 
tural buffering strategies, such as regional social interactions, in coping with such 
conditions. 
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In other words, it is expected that not all loci in a region will be equally vulner- 
able to certain types of environmental variability, and thus not all possible loci will 
be equally valued as nodes in a potential social network. Alternative resource areas 
are expected to be those experiencing relatively low vulnerability to specific stresses 
engendered by environmental variability, particularly for times during which a se- 
lected area might be experiencing lowered productivity and resource stress. 

It is also expected that the intensity of interaction and exchange will not decline 
equally in all directions from a point source (e.g., Hantman and Plog 1982). The 
constraints on interaction posed by the relative vulnerability of alternate areas 
to environmental variability focuses attention on maintaining access to resources in 
some areas at the expense of others. In other words, the geographic “shape” of social 
networks includes a directional component, which indicates differential intensity or 
frequency of interaction with groups in preferred areas. 

In this study, the process of investigating the structure of variability in the 
environment is begun by examining climatic factors. Evaluating the relative vul- 
nerability of areas to impact from climatic variation allows definition of feasible 
alternate resource areas for use during times of local subsistence stress caused by 
extended periods of high variability, or by unusually poor conditions. In this study, 
climatic information provides an independent estimator of the size and direction- 
ality of an expected social network that would be necessary for inhabitants of a 
particular area to mitigate local resource variability. 

The definition of the environment itself depends on the scale of analysis, and 
adaptive responses do not take place in a cultural vacuum, responsive only to 
climate. The history of the system also forms part of the system’s environment 
(Winterhalder 1980), while cultural factors such as demography, the organization 
of production, and the structure of social relations may alter the effects of a given 
type of variability on the cultural system, as well as the possible structure and effec- 
tiveness of a given buffering strategy (Cordell and Plog 1979; O’Shea and Halstead 
1989). 

Concern with the environmental context of decision making therefore does not 
imply a deterministic framework, since the conceptual focus of analysis is the inter- 
action between humans and their environment. The environment forms part of the 
context for decision making among a variety of alternative actions; actual selection 
and use of a given strategy, such as participation in a social network, depends also 
on the social and cultural context. However, to be effective, the strategy selected 
must act to reduce that aspect of risk toward which it is directed (e.g., Minnis 
1985). It is in this general sense that predictions of effective cultural responses can 
be made. 
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CLIMATIC VARIABILITY IN CENTRAL NEW MEXICO 


In the American Southwest, an excellent dendroclimatic record has provided a great 
deal of information that can be used to reconstruct paleoclimatic patterning and 
its spatial and temporal variability (Dean 1995; Dean and Robinson 1977, 1978). 
These reconstructions have been extensively used by archaeologists, particularly to 
model large-scale patterns of social interaction between geographic regions (e.g., 
Plog 1983). For this study, however, these reconstructions encompass too large a 
scale; the data points are too widespread for investigating within-region interac- 
tions. Use of modern climatic data (U.S. Department of Commerce 1917-1980) 
therefore proved to be necessary to develop a model of the structure of climatic 
variability at the desired spatial scale in this region. 

Modeling the expected spatial extent and directionality of prehistoric social 
networks with modern climatic data is obviously problematic if the modern climatic 
data are simply projected into the past. Here, the modern numerical values for 
climatic variables are not intended to be considered culturally significant, nor are 
the actual values for the climatic variables intended to represent conditions during 
the prehistoric period. 

Rather, modern climatic conditions are used as proxy indicators of the spatial 
patterning of selected aspects of variability; thus, analysis focuses on identifying spa- 
tial and temporal correlations, or the degree of synchrony, of conditions throughout 
the study area. The most important (and of course debatable) assumption is that 
this overall structure of environmental variability is relatively stable over time, al- 
though of course the correlations among stations may diverge considerably from 
the overall pattern during any given year. 

A culturally meaningful study area was defined by reference to ethnographic 
studies of land use and mobility among egalitarian societies. Since the prehistoric 
occupants at the Kite Site are known to have had at least a part-agricultural econ- 
omy (Rautman 1990), data from contemporary hunter-gatherers in a semiarid en- 
vironment provides a conservative and generous estimate of the size of region that 
might be occupied by a breeding population in generally similar regions. 

Definition of the geographic size of the study area follows Plog and Powell’s 
(1984) procedure (described in Rautman 1990). According to these criteria, an 
area about 20,000 km.? in size was defined by constructing an imaginary circle 
80 km. in radius around the Kite Site. Modern weather stations included within 
this circle form point locations for monitoring climatic variables. Where possible, 
modern weather stations that were located outside the circle, but nearby, were 
also included (Figure 1). For simplicity, social networks will be conceived as dyadic 
relationships between inhabitants of the Kite Site and people located near the other 
weather station points. Conditions at the Kite Site are estimated by reference to 
the closest weather station, Gran Quivira (see Figure 1). 
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FIGURE 1 Location map showing the study area, major topographic features, and the 
location of modern weather stations used in the analysis (from Rautman 1993). 


In this analysis, the spatial patterning of climatic variables is considered to be 
of particular importance. First, the spatial extent of climatic factors that affect the 
productivity and predictability of subsistence resources is monitored by examining 
the co-occurrence of specified conditions (such as precipitation levels) throughout 
the study area. This portion of the analysis attempts to identify the spatial extent 
of conditions occurring at the Kite Site. 

When conditions at the Kite Site are poor, it is expected that the inhabitants 
would seek alternative sources of resources in other areas. “Poor” conditions are 
rather arbitrarily defined as years of below-average precipitation, and are presumed 
to represent at least some level of lowered productivity for local plant and animal 
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resources. The validity of this assumption is addressed below. Years that are con- 
sidered to be “poor” for resource exploitation at the Kite Site were thus identified, 
and conditions at other stations during these years were then evaluated to estimate 
their potential utility for resource procurement by inhabitants of the Kite Site. 

In order for a station to rank highly as a preferred alternative resource area, 
several criteria must be met. First, conditions at preferred stations should generally 
not co-vary with conditions at the Kite Site. It is therefore expected that proposed 
alternative resource areas will be located outside the area of highly synchronous 
conditions defined above 

Second, preferred alternative resource areas are intended to provide resources 
during years when resource availability at the Kite Site may be relatively low. It 
is thus expected that such stations would experience a high proportion of years of 
“good” conditions during years in which conditions at Gran Quivira are poor. 

Third, because of the time and effort involved in maintaining social interactions 
at a distance, favorably ranked stations that are located closer to the Kite Site are 
expected to be preferred over those located further away. 

These criteria are expected to identify a small number of feasible alternative 
resource areas, but single numerical ranking of stations is not expected. It is doubt- 
ful that any given station will be always be free of unusually poor conditions, and 
it is also expected that different criteria (such as a different definition of “poor” 
conditions) will result in a different ranking. It is expected, however, that a limited 
number of areas can be identified that commonly experience climatic conditions out 
of synchrony with the Gran Quivira area; the spatial distribution of these stations 
provides an estimate of the spatial extent and as well as the “shape” of social net- 
works that would be needed to cope with the effects of environmental variability 
and possible resource stress at the Kite Site. 


THE KITE SITE SOCIAL NETWORK 
EXPECTED MINIMUM SIZE OF THE KITE SITE SOCIAL NETWORK 


The spatial extent of conditions that affect the Kite Site area is evaluated by clus- 
ter analyses, using Ward’s method on standardized 2-scores. Thirty-seven cluster 
analyses were run, one for each complete year of record at Gran Quivira from 1940 
to 1980. The resulting clusters group together weather stations that experienced 
similar conditions of rainfall amount, temporal distribution of rainfall, and frost- 
free season length. Member stations for each cluster solution were then examined 
to identify which stations cluster together with Gran Quivira each year over time. 

This station ranking was then divided by inspection into six groups, based on 
the percentage of years that a given station covaries with Gran Quivira (Figure 2). 
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FIGURE 2 Expected minimum size of the Kite Site social network. Expected 
alternative resource areas would lie outside the area that commonly experiences 
conditions that are similar to those at the Kite Site. Group V and VI stations are 
therefore expected to mark low-priority alternative resource areas; Group | and II 
stations are high-priority areas (from Rautman 1993). 


Group I includes those stations that cluster with Gran Quivira less than or 
equal to 20 percent of years; these stations include Capitan, Cloudcroft, Palma, 
Pastura, Tijeras Canyon, and Tularosa. 
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Group II includes those stations clustering with Gran Quivira from 21 to 30 per- 
cent of all years: Ancho, Farnsworth Ranch, Jemez, and Ruidoso are members of 
this group. Stations in Groups I and II are considered to be eligible as alterna- 
tive resource areas, since they commonly experience climatic conditions that are 
different from those at Gran Quivira. 

The other groups of stations experience conditions similar to those at Gran 
Quivira more than 30 percent of the time, and would probably be less desir- 
able as alternative resource areas. Group III stations co-vary with Gran Quivira 
31 to 40 percent of recorded years and include Albuquerque, Bingham, Bosque 
del Apache, Elephant Butte, Los Lunas, Mescalero, Pecos, Santa Fe, Socorro, and 
Vaughn. 

Stations in Group IV covary with Gran Quivira from 41 to 50 percent of 
recorded years; these stations are Dilia, Las Vegas, Magdalena, Pedernal, and 
Tajique. Group V stations cluster with Gran Quivira 51 to 60 percent of years; 
these stations are Carrizozo and Fort Stanton. Group VI stations cluster together 
with the Gran Quivira station more than 60 percent of recorded years; this group 
includes only Corona, Estancia, and Mountainair. 

These analyses show that the areas around Corona, Estancia, and Mountainair 
(Group VI stations) are experiencing conditions similar to those at the Kite Site 
more than 60 percent of the time. Climatic variables such as precipitation and frost 
that affect conditions at Gran Quivira can be assumed, therefore, to encompass the 
area that is broadly defined by the location of these four weather stations. 

Of course, there are still many years (30 percent) when conditions at Estancia 
(for example) differ from those at the Kite Site. During these years, social relations 
with groups near Estancia may indeed have provided needed access to resources in 
that area. And of course the area near Estancia may have desirable resources (such 
as salt or stone) that would justify continued social interaction regardless of climatic 
conditions. This portion of the analysis, however, indicates that to the extent that 
social contacts with other groups are intended to provide resources during times 
of low productivity, groups at the Kite Site are expected to seek such contacts 
outside this “local area,” within which stations commonly experience conditions in 
synchrony. 


THE EXPECTED GEOGRAPHIC ”SHAPE” OF THE SOCIAL NETWORK 


The next step of the analysis investigates possible rankings of stations outside the 
local area. If all such stations were equally attractive to inhabitants of the Kite 
Site, the spatial pattern of social interactions in the study area might resemble a 
doughnut shape, with relatively few interactions within the “local area” and more 
numerous interactions surrounding it. However, not all social groups located outside 
this area are expected that to be equally “useful” to the inhabitants of the Kite 
Site for the purpose of buffering low productivity (although of course they may be 
“useful” for some other purpose). 
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Furthermore, if we consider that establishing and maintaining social interac- 
tions does involve at least some social effort, it is unlikely that the same kind 
of relationship will characterize interactions with every group in the region. It is 
expected groups in some areas will have to be comparatively neglected in favor of 
others. The social network is therefore expected to contain a directional component, 
with more interaction (or greater intensity of interaction) occurring in relatively few 
preferred directions. 

Since this study addresses particularly the role of social networks in mitigating 
the risk of resource stress, the spatial patterning of years of low productivity is 
considered to be particularly significant in structuring social interaction within the 
region. Alternate areas for resource exploitation are assumed to be loci that are 
somehow “better.” 

The problem, then, is developing a useful definition of “poor” and “good” con- 
ditions that allow comparison among stations, given the spatial and temporal scale 
of the data available, and its characteristics. For example, Minnis (1985) defines 
stressful conditions in reference to the number of years that precipitation levels fall 
below one standard deviation below the mean. His definitions provided an excellent 
way of monitoring climatic conditions over a long time period in the Mimbres area, 
but proved to be less useful for working with short-term climatic information in 
central New Mexico. For example, according to these criteria, only 6 years at the 
Kite Site (14 percent of years in the available climatic record) could be considered 
to be “stressful” for local inhabitants—a fact that highlights the relatively favorable 
local conditions extant at the Kite Site, but provides an extremely small sample of 
“stress years” for regional comparisons. 

An alternative working definition of “poor” years was therefore adopted—one 
that focuses on variation around the station mean. Ecologists assume that, very 
generally speaking, floral and faunal resources found at a given area are adapted 
to average conditions at that area (Wiens et al. 1986). “Poor” years were therefore 
defined as those during which total annual precipitation fell below the station mean; 
“good” years are those during which station conditions were at least average. Note 
that stations are evaluated only in reference to their own mean conditions, not the 
regional mean. 

The status of each station as a feasible alternative resource area is estimated 
by the number of years that a station is selected.as “good” during “poor years” 
at the Kite Site. For example, during 40 years of weather record at Gran Quivira, 
there are 23 years during which Gran Quivira weather station received precipita- 
tion measuring less than the mean amount for all years. These years are defined 
as “poor,” and may represent some level of lowered local resource availability for 
populations in the area around the Kite Site. 

A rather large imaginary chart might list those 23 poor years along the y-axis 
and all other weather stations along the x-axis. A mark in each box of the matrix 
so constructed can be used to indicate whether conditions at each station are good 
(equal to or above its station mean), or poor (below its station mean). The marks 
are then totaled by station (column) to determine the number of times that station 
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is experiencing good conditions. This number is then divided by 23 to express the 
percentage of years for which that given station would be experiencing relatively 
good conditions during stress years at Gran Quivira. 

All 34 stations used in the precipitation study experienced at least one good 
year while conditions at Gran Quivira were poor. Values range from a low of 4 per- 
cent (at Pastura and Mountainair) to a high of 39 percent (Tularosa). 

These values are divided by inspection into four groups (Figure 3). Group A 
stations experience good conditions during 1 to 9 percent of stress years at Gran 
Quivira; Group B stations would be feasible alternatives during 10 to 19 percent 
of stress years; Group C stations experience at least average conditions during 20 
to 29 percent of stress years at Gran Quivira. Group D stations experience at least 
average conditions during 30 to 40 percent of poor years at Gran Quivira. 

Group D stations (Corona, Palma, and Tularosa) are considered to be the best 
alternative resource areas. Conditions at these stations are more commonly out of 
synchrony with conditions at Gran Quivira, experiencing good conditions during 
many years for which Gran Quivira is under stress. 

It is especially interesting to note that the values for mean annual precipitation 
and for precipitation variance in these areas are not particularly favorable when 
these stations are compared with all others in the study area—Tularosa has very 
low mean annual precipitation, for example, and Corona and Palma experience 
relatively high variability in annual precipitation levels. However, when conditions 
are poor at Gran Quivira, these are the stations with the highest probability for 
good local conditions. 

The groupings on this figure show that no one factor such as overall precip- 
itation levels, precipitation predictability, general geographic setting, or elevation 
can be used to predict alternative resource areas that might be preferred for coping 
with low productivity at the Kite Site. Rather, I suggest that additional information 
regarding past and/or current conditions at a given area would have been required 
in order for human groups to be able to evaluate the relative utility of different loci 
for this purpose. 


PREFERRED LOCATIONS FOR INTENSIVE NETWORK INTERACTIONS 


If it is assumed that the distances involved in either movement of people or transport 
of goods is a factor in evaluating potential alternative resource areas, the closer 
area—that around Corona and Ancho, approximately 50 km. away—is predicted 
to be the highest priority area for obtaining alternative resources when conditions at 
the Kite Site are poor and food resources may be lower than usual (Figure 4). This 
result is particularly interesting because these areas did not seem to be especially 
favored in other respects. For example, conditions of precipitation and frost-free 
season in these two areas are quite similar to those at the Kite Site. In fact, in 
many respects these areas are generally less favorable: productivity in these areas 
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is lower than the regional average, and variability in interannual productivity is 
high. 


Percentage of years that station conditions are good 
during “stress years” at Gran Quivira 

Group A 1% to 9% of stress years 

Group B 10% to 19% of stress years 

Group C 20% to 29% of stress years 

Group D 30% to 40% of stress years 


FIGURE 3 Expected “shape” of the Kite Site social network. Expected alternative 
resource areas are those that are most likely to be experiencing at least average 
conditions during “poor” years at the Kite Site, when there is a potential for local 
resource shortfalls. Group A stations would be the least likely to be selected as 
alternative resource areas; Group D stations would be the most likely to be selected 
(from Rautman 1993). 
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FIGURE 4 Proposed area for preferred social interactions (stippled pattern). The 
location of archaeological assemblages used to evaluate the model’s predictions is 
marked by diagonal lines. Concentric dashed lines indicate the approximate distance 
from the Kite Site (from Rautman 1993). 


However, when one considers the synchrony of climatic conditions, then these 
stations rank quite high. Ancho stands out because it is the closest station that 
commonly experiences conditions that are different from those at the Kite Site. 
Corona, however, has very nearly the same pattern of intra-annual variability as 
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does the Kite Site, and this station is also surprisingly similar in overall climatic 
patterning as well (clustering of monthly precipitation and frost-free season length 
grouped Corona and Gran Quivira together for 65 percent of all years). The pro- 
posed importance of Corona for inhabitants of the Kite Site stems from the fact that 
it commonly experiences average or above-average conditions during poor years at 
the Kite Site—those 53 percent of years when precipitation at Gran Quivira is be- 
low average. At Corona, 30 percent of years are average or better during poor years 
at the Kite Site; this proportion, although low, is the highest observed among all 
weather stations in central New Mexico. 


PREHISTORIC SOCIAL INTERACTIONS IN CENTRAL NEW 
MEXICO: AN EVALUATION OF THE MODEL 


The nature of interactions between inhabitants of the Kite Site and people in other 
areas is not specified by the climatic model. Interactions could involve regular or 
episodic exchange of food, mates, and information, or might be more restricted. 
Similarly, resources in preferred alternative resource areas might be accessed by 
group mobility or by food exchange. For the purposes of evaluating the model, a 
measure of interaction is needed, but it is not necessary to test the nature of this 
interaction. 

Ceramic styles and ceramic assemblage similarity have been used as an indicator 
of prehistoric social interaction (e.g., Braun and Plog 1982; Plog 1976). Similarity 
of ceramic styles may result from a number of processes, including actual exchange 
of painted vessels or some level of interaction that results in adoption of an extant 
style to decorate locally made vessels. Distinguishing between these possibilities is 
a problem of interest for many archaeologists, but is not at issue here. The model 
specifies only that interaction between the Kite Site and preferred areas should be 
greater than between the Kite Site and lower ranked areas. 

It is therefore expected that ceramic assemblages at sites around Corona and 
Ancho should exhibit greater similarity to the Kite Site assemblage than do sites of 
comparable age in other areas that are located a comparable distance away. Ceramic 
assemblages are not expected to be identical, since social networks are maintained 
by groups in each area for a variety of reasons. 

This expectation is tested by analysis of ceramic assemblages from archaeolog- 
ical sites around Corona and Ancho. This area is part of the Sierra Blanca region 
of the Jornada Mogollon (Kelley 1984); Corona and Glencoe Phase sites are con- 
sidered to be approximately contemporaneous with the Pithouse Period occupation 
at the Kite Site. These two phases are both dated to approximately A.D. 1100 to 
1200 (Kelley 1984:44-51). Corona Phase sites are found in the northern part of the 
Sierra Blanca region (near the modern town of Corona); contemporaneous Glencoe 
Phase sites are located further south in the same region (Kelley 1984:Figure 9). 
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In comparison, ceramic assemblages from sites of comparable date (and com- 
parable distance away) in other areas are expected to be less similar to the Kite 
Site. The Rio Abajo region near the modern town of Socorro was selected to pro- 
vide a contrast to the Kite Site-Sierra Blanca dyad. The Elmendorf Phase of the 
Rio Abajo region (Marshall and Walt 1984) is considered to be approximately 
contemporaneous with the pithouse occupation of the Kite Site. The Early Elmen- 
dorf Phase is dated to about A.D. 950 to 1100; the Late Elmendorf Phase is from 
A.D. 1100 to 1300 (Marshall and Walt 1984:75-95). Since the Kite Site-would have 
been occupied throughout this time, sites of Early and Late Elmendorf were grouped 
together for this analysis. 

Interaction between communities in different regions is evaluated by calculating 
the degree of similarity of ceramic assemblages (Plog 1976). The Brainerd-Robinson 
coefficient (Brainerd 1951; Robinson 1951) is used here; this coefficient measures 
similarity of assemblages by comparing the proportional representation of each cat- 
egory within each assemblage. 

For this analysis, the percentage representation of each ceramic type in a region 
is compared with the representation of the same type in other regions; the absolute 
value of the difference in the percentage representation is noted. These differences 
in percentages are summed and the result is subtracted from 200; this figure is the 
value of the Brainerd-Robinson coefficient. The coefficient ranges in value from 0 
to 200; a value of 200 represents maximum similarity between assemblages, and a 
value of zero represents maximum dissimilarity. 

Brainerd-Robinson coefficients were calculated in three ways, each of which con- 
firms the greater similarity of ceramic assemblages between the Kite Site and the 
Sierra Blanca region. Similarity of the general assemblage structure was investigated 
first for general ware categories. Additional calculations of Brainerd-Robinson co- 
efficients were made for all identified ceramic types and for just the black-on-white 
decorated types (Table 1). 


TABLE 1 Brainerd-Robinson Coefficients of Ceramic Assemblage 
Similarity (from Rautman 1993). 


Ware Categories Ceramic Samples 
Kite Site - Kite Site- Sierra Blanca - 
Sierra Blanca Rio Abajo Rio Abajo 
All wares 149.3 96.3 100.7 
Painted wares 61.6 28.1 20.4 
Black-on-white 168.9 30.1 23.6 
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Ware categories used in the first analysis include brownwares, whitewares (in- 
cluding both decorated and undecorated sherds from black-on-white vesse;s), gray- 
wares, redwares, polychromes, glazed sherds, and terracotta sherds. Unidentified 
ware types were omitted from the analysis. Data from the Kite Site were compared 
with these from the Sierra Blancas and the Rio Abajo region. The relationship 
between the Sierra Blanca and Rio Abajo region assemblages was also investigated 
for comparison (Table 1). Since no particular interaction between these last two 
areas is proposed, this measurement can represent a baseline value, providing some 
idea of what the coefficient would be if one compared any randomly selected pair 
of regions. 

As expected, there is greater similarity in ceramic assemblages in the Kite 
Site and Sierra Blanca regions, with the value of the Brainerd-Robinson coefficient 
(BR=149.3) nearly 50 percent greater than for any other dyad (see Table 1). In 
comparison, ceramic assemblage similarity between the Kite Site and Rio Abajo 
region (BR=96.3) is nearly the same as for the Rio Abajo-Sierra Blanca dyad 
(BR=100.7), despite the greater distances between the locations of the sites in the 
“baseline dyad.” 

When only painted ceramic types are considered—that is, when brownwares 
are omitted from the analysis—the Brainerd-Robinson coefficient is not particularly 
high for any combination of pairs (this is most likely due to the wide variety of black- 
on-white types at the Kite Site, and the greater representation of polychromes in 
the Sierra Blancas). Still, the value for the Kite Site-Sierra Blanca combination 
(61.6) is three time the value of the Brainerd-Robinson coefficient for the other two 
combinations (BR=28.4 and 20.4). 

The most marked difference between the Kite Site-Sierra Blanca dyad and the 
other possible regional combinations occurs when only black-on-white ceramic types 
are considered. The value of the coefficient for this dyad is 168.9, which is nearly 
six times greater than the very low values (30.1 and 23.6) for the other possible 
pairings. 

In this case, the Kite Site and the Sierra Blanca region are quite similar 
(BR=168.9), despite a greater variety of black-on-white types at the Kite Site. The 
very high proportional representation of Chupadero Black-on-white in both areas 
is apparently the single most important factor affecting the similarity of these two 
ceramic assemblages. 

Another factor contributing to ceramic assemblage similarity is the simple tem- 
poral overlap in site occupation. This possibility is acknowledged here, and may in 
fact contribute to the relative high proportion of Socorro Black-on-white pottery at 
the Kite Site (Socorro Black-on-white pottery is the second most prevalent painted 
type). Comparison of the manufacturing dates of all painted pottery types with the 
times of occupation of the sites, however, shows that this factor is not sufficient to 
account for the observed patterning of the ceramic assemblages in these three areas 
(Rautman 1990, 1993). 
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RECIPROCITY AMONG NETWORK PARTICIPANTS 


The climatic model presented above considers only the structure of social networks. 
In this section I consider some of the implications of this structure on the operation 
of the network: specifically, the operation of reciprocal relationships within such a 
network. 

Social relationships within a regional network are considered to involve a num- 
ber of dyadic relationships that are created, sustained, and expressed by exchanges 
of food, objects, and information within a system of balanced reciprocity operating 
outside the local group (Wiessner 1986). 

According to Sahlins (1972), relationships based on balanced exchanges are 
inherently fragile and unstable over time, at least partly because they tend toward 
self-liquidation (p. 223). On the one hand, there is always the danger that one 
partner will renege and break off the trade relationship; on the other, continued 
balanced dealings between distant parties reduces the social distance between them 
(p. 223) and increases the chances that the relationship will develop into a more 
generalized exchange relationship (such as those occurring among close kin) in the 
future. 

Social relationships within a risk-reducing exchange network may thus require 
certain conditions to maintain network continuity. For example, conditions such as 
those involved in asymmetrical exchanges create, in Sahlins’ terms, a “shadow of 
indebtedness” that contributes to network continuity. In fact, it is “socially critical” 
that exchanges never become evenly balanced (Sahlins 1972), since as long as the 
calculation of social accounts is uneven, then there exists the expectation of further 
associations, and the hope of further payment. 

Partners in exchanges may provide for the continuity of exchange relationships 
by maintaining asymmetry in the amount of “payment,” in the character of the 
exchanged items, or in the timing of exchanges. Thus, exchanges can be bilateral 
{involving both parties), but differing in the amounts of like items exchanged, or 
in the substance of exchanged items—for example, food might be exchanged for 
material items. Alternatively, the exchanges might be more typically a unilateral 
“sift,” which will be repaid, but unevenly, at some unspecified time in the future. 

However, too much asymmetry in an exchange relationship will also contribute 
to network instability. In such a system, there is a high probability of one partner 
reneging, since the social sanctions for continuing the relationship are presumably 
not as stringent as those existing in the context of generalized reciprocity within 
the kin group. 

A social network that reduces the risk of resource stress by use of social stor- 
age, or storage of reciprocal obligations, is expected to continue only if there is 
a reasonable balance or equilibrium maintained between giver and receiver popu- 
lations. Continued or marked asymmetry of exchange attendant upon asymmetry 
of the giver-receiver relationship may destabilize the network, as the social costs 
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of maintaining contact with spatially disparate groups outweigh expected bene- 
fits. Changes in the degree of asymmetry of exchanges within social networks have 
been suggested to be important in the development of social ranking (Halstead and 
O’Shea 1982) and also in the development of large-scale regional political alliances 
(Plog 1984). 

The operation of reciprocal exchanges within a social network therefore involves 
some social strategies that operate to maintain a certain degree of exchange asym- 
metry in order to ensure network continuity, yet other social and natural factors 
(such as demographic change or random climatic fluctuations) may create excessive 
and disruptive asymmetry of interaction. 

In this example I test whether the social interactions postulated between the 
Gran Quivira area and the Ancho/Corona area could be expected to be relatively 
stable though time. I evaluate here how human groups based in the Ancho/Corona 
area might view participation in such a relationship. 

Ideally, of course, investigation of climatic patterning in central New Mexico 
might include evaluation of all weather stations in comparison with all other weather 
stations. Such an analysis, however, is beyond the scope of this study. To evaluate 
possible sources of asymmetry in the relationship between the two areas at issue— 
the Salinas area and the Sierra Blanca area—it is necessary only to examine the 
pairs of weather station areas involved. 

At Corona, the mean annual precipitation over 64 years of record is 38 cm., 
and there were 34 years during which precipitation at Corona was less than the sta- 
tion mean. During these “poor years” at Corona, conditions at the Gran Quivira 
weather station were average or better than average for only six years. Since the 
available climatic records at these two stations overlap for only 18 years, the per- 
centage of years for which Gran Quivira is experiencing conditions of “no stress” 
(the station annual precipitation is equal to or greater than the station mean) is 
about 33 percent. 

This value for the Corona-to-Gran Quivira relationship is considerably higher 
than that for the Ancho-to-Gran Quivira comparison. During stress years at Ancho 
(n = 26, out of 53 years of weather records), conditions at Gran Quivira are at 
least average only 18 percent of the time. 

The implications of these data for the structure of social networks and coping 
strategies in central New Mexico obviously depends on a number of factors, among 
them the value of using these data as probability estimates for avoiding resource 
stress. It we assume, however, that in general preferred alternative resource areas 
will be those that consistently experience conditions of “no stress,” then we can 
assess how human groups in these other areas might evaluate the potential utility 
of participation in social networks that extend to the Gran Quivira area. 

For human groups based at the Gran Quivira area, for example, Corona appears 
to be an appealing alternative resource area during 30 percent of poor years; human 
groups around Corona would apparently be nearly equally interested in maintain- 
ing access to the Gran Quivira area (among others), since when the Corona area 
experiences stress, the Gran Quivira area is experiencing at least average conditions 


216 A. E. Rautman 


nearly 33 percent of the time. These data show that conditions at these two stations 
are in fact reasonably complementary. 

The same relationship of roughly equal complementarity holds true for the 
Gran Quivira/Ancho pair, although prehistoric peoples located near Ancho may be 
slightly less inclined to maintain long-term reciprocal relationships with groups in 
the area around Gran Quivira. This analysis of course cannot tell us the threshold 
percentage level below which reciprocal relationships are not expected to endure, 
but the data show little evidence of a dramatic disparity in complementarity be- 
tween the selected station pairs. I suggest that a lack of complementarity in pat- 
terning of the climatic variables considered here is therefore unlikely to be a source 
of asymmetry in the relationship between network participants in these areas. 

The same data highlight another point: groups in both the Kite Site area and 
the Sierra Blancas would do well to participate in exchanges with a variety of other 
groups in the region. The values cited above represent the highest observed values in 
central New Mexico; nevertheless, there are obviously numerous years during which 
social contacts in these proposed areas would prove to be inadequate to mitigate 
possible local resource stress. Interaction and exchange with groups in the specified 
alternative resource areas are therefore expected to be a particularly important 
strategy for coping with local resource stress, but by no means the only one. 


DISCUSSION AND CONCLUSIONS 


For the prehistoric inhabitants at the Kite Site, social interactions with hunter- 
gatherers or part-agricultural groups near Corona and Ancho could have provided 
access to resources in order to reduced the risk of one kind of resource stress: 
that which may have occurred during years of below-average productivity. It is 
not necessary to assume that every year of below-average rainfall would have been 
particularly “stressful” in any real sense for populations at the Kite Site, nor is it 
necessary to assume that social relations with groups near Corona and Ancho would 
suffice to alleviate all such years that did prove to be “stressful.” The model simply 
predicts that the spatial patterning and extent of relatively frequently occurring, 
locally poor conditions apparently are the dominant variables defining the nature 
of the risk that observed social interactions were structured, in part, to buffer. 
This predicted importance of social relationships near Corona and Ancho was 
a surprising result, and not at all intuitively obvious. At the beginning of these 
analyses, it seemed likely that differences in elevation would play a large role in 
structuring human use of the region, simply because there is such a strong corre- 
lation between elevation and climatic factors such as precipitation and frost-free 
season length. It is interesting to note that differences in elevation alone, or even 
general measures of productivity such as precipitation levels and variation, could 
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not by themselves adequately predict the apparent importance of the proposed 
alternative resource areas during the Pithouse Period. 

The fact of social interactions and possible ceramic exchange (or exchange of 
ideas regarding ceramic decoration) between groups in the Gran Quivira area and 
those near the Sierra Blancas is itself not particularly surprising, since the Chu- 
padero Black-on-white ceramic style is considered to be “local” to both areas (e.g., 
Mera 1931). The model, however, has implications beyond its ability to predict 
patterns in the archaeological record. After all, in this case, a general assumption 
of interaction had already been made, based simply on the occurrence of the same 
“local” pottery in both areas (Mera 1931). The model has its greatest value in pro- 
viding criteria for explaining observed patterning in the archaeological record. It 
provides an independent measure—a null hypothesis—that enables us to evaluate 
where and under what conditions different types of environmental variability may 
have posed problems for prehistoric cultural groups in the region, and to evalu- 
ate the potential success of cultural responses, such as the development of social 
networks, in coping with risks attendant upon that level of variability. 

The type of environmental variability investigated here—interannual variation 
around the mean—is by no means expected to prove especially stressful to inhabi- 
tants at the Kite Site, particularly when one considers how frequently “poor” years 
occur. For example, it is doubtful that the social network utilized to “cope” with 
this level of lowered productivity would be treated as a special “coping strategy” 
that must be implemented in times of crisis. Rather, strategies to maintain access 
to resources of different regions are expected to constitute the ordinary pattern 
of life for the Kite Site inhabitants. These strategies, however, may prove to be 
particularly useful, or perhaps hopelessly inadequate, for buffering other types or 
levels of stress. The archaeological evidence of such coping strategies can, however, 
indicate the types of risk the observed sociocultural system was structured to meet. 

Risks associated with environmental variability are of course not defined only by 
climatic factors, but are also constituted by the social, economic, and technological 
variables that may affect the impact of a given type of environmental variability on 
a particular social group, the range of strategies that would be potentially available 
for coping with it, and the social disruption involved in employing a given coping 
strategy in a specified cultural context. For example, some situations simply occur 
too infrequently to justify social preparation for them. Other environmental hazards 
may be devastating to farmers, for example, but may not particularly affect hunter- 
gatherers in the same area. One can imagine how changes in productive organization 
at the Kite Site—for example, increasing reliance on maize agriculture—could cause 
the inhabitants of the Kite Site to reevaluate the nature of the risks that they would 
be encountering, and the utility of extant social relationships in coping with those 
risks. 

Changes in other areas—for example, a change in technological organization in 
the Rio Abajo region to include construction of water-retention facilities such as 
gravel-mulched fields (described by Anschutz [1994] in the northern Rio Grande)— 
might also cause the inhabitants of the Kite Site to re-evaluate the relative utility 
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of that region in buffering stress caused by low interannual productivity in the 
Gran Quivira region. This example points out particularly the role of social factors 
involved in maintenance of interaction, factors that affect the social costs to the 
participants in comparison to the benefits provided. 

Archaeologists need improved chronologies and paleoclimatic records so that 
correlations between climatic patterns and sociocultural changes can be identified 
more accurately and at a smaller temporal scale. But we also need better models of 
the ways in which climate and human actions are interrelated. This study addresses 
particularly how climatic variability affected prehistoric hunter-gatherers at one site 
in central New Mexico. More generally, however, this kind of modeling helps identify 
the climatic and sociocultural variables that affect the organization, operation, and 
temporal stability of social networks among both living and prehistoric societies in 
other areas as well. 
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Variability in Food Production, 
Strategies of Storage and Sharing, and 
the Pithouse-to-Pueblo Transition in 
the Northern Southwest 


In this chapter I attempt to understand human social responses to resource 
stress and economic uncertainty among food producers in the Southwest. Specif- 
ically, my focus is on the effects of different strategies of sharing or not sharing 
food among horticulturalists in an environment with a high level of high-frequency 
variability. The results are applied to interpret changes in architecture associated 
with what is generally called the pithouse-to-pueblo transition, focusing on changes 
from communal to private storage. 


THEORETICAL BACKGROUND 


One of the many stimulating aspects of the Santa Fe Institute workshop was the 
opportunity to explore and compare a number of different theoretical perspectives, 
ranging from selectionist to postprocessual. This paper takes a somewhat eclectic 
approach, drawing from various perspectives as seems appropriate. Although the 
form of explanation used here is probably best classed as processual, I also rely 
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heavily on concepts developed in Marxist approaches to anthropology (see McGuire 
[1993] and Trigger [1993] for recent reviews). 

Specifically, in considering the relationship between food production and social 
organization, I am concerned with the mode of production. A mode of production 
includes both the means for making a living (mode of subsistence) and the relation- 
ships involved: “Who owns these means, how is production organized, who controls 
the product and how is it distributed, and who consumes what part of it?” (Leacock 
and Lee 1982:7; see Ingold [1988:273-276] for further discussion of modes of pro- 
duction in anthropological analysis; see also Harris [1983] and Himmelweit [1983] 
for stricter Marxist definitions). The concept of a mode of production, because it is 
often associated with the structural Marxism of the 1970s (e.g., Meillassoux 1972, 
1973; Sahlins 1972), is not particularly popular among Marxist archaeologists today 
(see McGuire 1993:110). Still, for my purposes, it is useful for archaeological inter- 
pretation because it provides a means of conceptualizing social transformations in 
economic terms, even if those transformations do not involve obvious changes in 
production technology or subsistence practices. 

The perspective provided by considering the mode of production is particularly 
applicable to understanding certain changes in the prehistoric Southwest. That is, 
recent evidence suggests that the degree of dependence on food production and/or 
corn changed relatively little during periods of profound social change. At least 
three separate analyses of material including coprolites, settlement patterns, bone 
chemistry, and midden remains (Decker and Tieszen 1989; Matson and Chisholm 
1991; Minnis 1989) conclude that Anasazi reliance on corn changed relatively little 
from Basketmaker II or II through Pueblo III times (i-e., from about A.D. 400 to 
1300). Clearly a great deal changed through these centuries, including the develop- 
ment of complex water-control and irrigation techniques used for corn production, 
as well as social elaboration, aggregation, sedentism, architecture, etc. The apparent 
stability of corn consumption suggests that these changes are best understood not 
merely in terms of subsistence strategies, but rather in terms of the social relations 
that are part of the mode of production. 

The focus here is on the storage and distribution of crops and the social relations 
involved in those practices. Given a certain method of producing food in a variable 
environment (i.e., given an unchanging mode of subsistence), what are the effects of 
different social organizational forms (i.e., different modes of production)? A number 
of authors have developed perspectives and methods of classification useful for 
understanding the social relations of storage, sharing, and exchange. 

Sahlins (1972:193-194) draws a distinction between generalized reciprocity 
(which Lee [1988:258] likens to primitive communism) and balanced reciprocity. 
In generalized reciprocity a gift is given with few expectations regarding when and 
even if it will be returned. Because the social outweighs the material, there are 
few clear-cut obligations involved in generalized reciprocity. Balanced reciprocity, 
in contrast, does involve clear-cut obligations for return, and often takes the form 
of direct exchange. In these cases, social relations are dependent on the transfer 
of goods. Sahlins (1972:217-218) suggests that, very generally, food is most often 
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given in the context of generalized reciprocity and other goods in balanced reci- 
procity. He also notes that tribal societies tend to have more balanced reciprocity 
than bands, possibly because tribes often have more nonfood exchange and because 
in tribal societies there is more exchange (of food and other goods) with socially 
distant persons. 

Meillassoux (1972, 1973) examines the mode of exploitation of the land among 
hunter-gatherers and agriculturalists, comparing the Mbuti and the Bantu. He sug- 
gests that while in hunting (and presumably gathering) “the act of circulation, 
as of production, is instantaneous” (1973:194); agricultural production necessitates 
prolonged and continuous cooperation and thus results in binding ties, including 
inter-generational obligations. Thus agriculture involves a mode of production in 
which some people maintain control over others. Agriculturalists (in contrast to 
hunter-gatherers) tend to have kin-based rather than geographically defined groups, 
more long-term binding ties, and more concern with the past and future, includ- 
ing an emphasis on ancestors and descent groups as well as control of women and 
reproduction. 

Woodburn (1982; Barnard and Woodburn 1988) contrasts immediate and 
delayed-return strategies. Some foragers get an almost immediate return on their 
labor, while returns are more delayed for food producers, as well as other foragers 
and more complex hunter-gatherers. Woodburn argues that immediate return is 
associated with strongly egalitarian societies, while delayed return often involves 
more competition and social differences. 

Ingold (1983, 1986:198-221) argues that the critical factor for classifying social 
forms is “whether or not people are bound to one another by enduring relations 
in respect to the control and distribution of means of subsistence” (1983:553). A 
critical factor in this distinction is what he calls social storage, which involves 
the appropriation of resources by certain individuals and thus inegalitarian rela- 
tionships.!1] Ingold argues that social storage, and the inequality it engenders, are 
associated with food-producing as well as some hunter-gatherer economies, while 
other hunter-gatherers (primarily those that would be called foragers with immedi- 
ate return) lack social storage. In societies of the latter type, sharing is determined 
primarily by ecological considerations and the need of all to have access to col- 
lective resources. That is, not everything is always shared (meat from large game 
is generally shared much more extensively than plant foods), but an absence of 
sharing does not imply “curtailment of sharing as a social principle of collective 
appropriation” (1983:562, emphasis in original). In contrast, social storage “does 
represent the direct negation of sharing,” and often involves private or individual 
storage of goods (1983:563). 

Wills (1991, 1992) contrasts communal and household systems. A communal 
system is characterized by generalized reciprocity and economic strategies that are 


[1] Ingold’s use of the term social storage is very different from O’Shea’s (1981). By social storage, 
O’Shea (1981:169) refers to the exchange of “food for some non-food token with at least the 
implicit understanding that such tokens can later be re-exchanged for food.” 
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risk-averse and have diminishing returns (i.e., an increase in investment does not 
lead to a proportional increase in returns). In contrast, household systems involve 
less generalized reciprocity and follow risk-prone, increasing-returns strategies. Thus 
in a communal system, surplus production is inhibited, both by the diminishing re- 
turns economy and by the demands of generalized reciprocity. In contrast, household 
systems can generate surplus, which is often kept by individual households. Wills 
applies his model to early food producers in the Southwest, comparing pithouse oc- 
cupations at the Mogollon/SU Site (near Reserve, New Mexico) and Shabik’eschee 
Village, a Basketmaker III site in Chaco Canyon. He suggests that the SU Site, 
which has large pithouses with numerous internal (and therefore private) storage 
pits, represents a household system, while Shabik’eschee, which has external storage 
cists, more likely represents a communal system. 

The list of comparisons between different modes of production could go on (e.g., 
Bender 1990; Kelly 1991; Price and Brown 1985; Testart 1982). All the classification 
schemes are slightly different, though one theme that is common to most is that 
food-producing societies tend to have less egalitarian social relations and less even 
distribution of resources than foragers. It is this relationship that is considered 
here. Specifically, I explore whether some component of food production and the 
pattern of yields might explain the relatively inegalitarian relations observed in 
food-producing societies. 

Although the anthropological literature on sharing and exchange is extensive 
and growing fast, there seems to be little consensus regarding the circumstances 
under which sharing will increase or decrease. A number of scholars (e.g., Braun and 
Plog 1982; Hames 1990; Heinen and Ruddle 1974; Kaplan and Hill 1985; Sahlins 
1972; Winterhalder 1986a) consider sharing to be useful as a means of reducing risk 
(usually measured as variance or unpredictability). That is, in Evans-Pritchard’s 
(1940:85) terms, “it is scarcity, not sufficiency, that makes people generous.” How- 
ever, recent work suggests that sharing, as only one of a number of strategies for 
reducing risk, is not always advantageous (e.g., Cashdan 1985; Kelly 1991; Smith 
1988; Winterhalder 1986a, 1990). Some (e.g., Cadelina 1982; Kohler and Van West, 
this volume; Van West and Kohler 1992) argue that especially among food produc- 
ers, sharing is expected to be limited in times of scarcity. 

The research presented here attempts to understand if, when, and how sharing 
would be advantageous to food producers in the environment of the northern South- 
west. Given the topic of this conference and the nature of the area, the focus is on 
production in a highly variable environment, that is, an environment with a high 
degree of microtopographic variation and a large degree of year-to-year variability. 

The remainder of the paper is in two parts. The first is based on a computer 
simulation of corn production using data derived from studies of the twentieth- 
century Hopi. The details of this simulation and issues of risk and variation are 
examined in Hegmon (1989), and a different version of the simulation is presented 
in Hegmon (1991). The purpose of the present work is to combine some of these 
findings and extend them (in the latter part) to understanding architectural and 
social transitions in the prehistoric Southwest. 
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THE SIMULATION MODEL 
THE HOPI 


The Hopi are pueblo horticulturalists/agriculturalists living in the mesa country of 
northeastern Arizona. The ethnographic present for this study is the early part of 
this century, and most of the data for this study are from accounts of Second Mesa 
(Beaglehole 1937; Forde 1931; also Eggan [1950] and Titiev [1944] for First and 
Third Mesas; and Bradfield [1971]; Connelly [1979]; Hack [1942]; Kennard [1979]; 
and Whiteley [1985a, 1985b] for the Hopi in general). 

Very briefly, for the purposes of this study, Hopi social organization can be un- 
derstood in terms of the obligations that are involved in various social relationships, 
following Connelly (1979). The household is the basic unit of everyday activities, 
including production and consumption (Beaglehole 1937:5). Descent groups (ma- 
trilineages and clans) are to some extent complementary to households since they 
are basic units in ritual and sometimes inheritance. Classic interpretations of the 
Hopi (e.g., Eggan 1950) consider descent groups, particularly clans, to be corpo- 
rate land-owning groups, though this interpretation has been strongly contested by 
Whiteley (1985a, 1985b). Whiteley argues that descent groups are not necessarily 
unambiguous permanent units with absolute claims to land. For the purpose of 
this research, however, consideration of these larger-than-household groups is still 
important because of their implications for food distribution and sharing, regard- 
less of their permanence or corporate nature. Connelly (1979) makes clear that 
within households, matrilineages, and clans there are strong obligations to share 
or exchange food, labor, and ritual services. Above the level of the clan, obligatory 
relationships are much weaker. 

Hopi subsistence is broadly based, but corn is the staple. Corn is important not 
just as food, but also in social and ritual contexts. Furthermore, because other foods 
can substitute for corn in subsistence but not in socio-religious contexts, subsistence 
failure will be felt socially before starvation sets in. Thus the social emphasis on 
corn may trigger early or timely responses to subsistence stress (see Minnis, this 
volume). Because corn is so closely tied to social relationships, this study focuses 
only on corn. 

The conditions on the Hopi Mesa are just sufficient for growing corn, though 
rainfall and growing season length are unpredictable and often limit productivity 
(Hack 1942; though contra Adams [1979]). The Hopi adapt to this difficult en- 
vironment in two general ways: (1) with techniques developed to take advantage 
of microtopographic variation; and (2) with a system that mitigates the effects of 
failure. 

Hopi corn is well suited to arid conditions, and the Hopi grow several varieties, 
each with slightly different advantages and disadvantages (Brown et al. 1952; Collins 
1914). The Hopi also plant different kinds of fields in different microtopographic 
settings (Forde 1931; Hack 1942). Most common are akchin fields, which are set at 
the mouth of an arroyo and watered by runoff (see Hack 1942:28). Other kinds of 
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irrigated fields include those planted on the terraces of large arroyos, in the bottom 
of small arroyos, and on dams built in small arroyos (trinchera fields) (see Hack 
1942:30). In addition, the Hopi situate some fields on dunes to take advantage of 
seepage through the massive sandstone reservoir of Black Mesa (Hack 1942:32- 
34). These different fields are advantageous in different conditions. For example, 
arroyo bottom fields shelter plants from cold and provide plenty of moisture, but 
are susceptible to flooding. Dune seepage fields do not receive large quantities of 
moisture, but are rarely flooded. 

Hopi flexibility increases the chance that although not all fields yield each 
year, what is produced will be widely available (Plog 1978). The different kinds of 
fields can take advantage of various levels of moisture. Planting dates are spread 
over three to four months, so regardless of the timing of frosts, some fields will 
yield (Bradfield 1971; Titiev 1938). Fields are scattered and most households have 
several fields. Furthermore, corn is also shared among households and is stored 
from one year to the next. Thus there is a good chance that each household will 
have access to some corn each year. Unfortunately, although ethnographic accounts 
clearly document sharing (e.g., Kennard 1979:561), they contain little information 
regarding the organization and extent of the sharing. 


THE SIMULATION OF CORN PRODUCTION 


Although ethnographic data on sharing strategies are not available, computer sim- 
ulation can be used to consider the effects of various strategies of sharing. Data 
on Hopi subsistence practices are used to develop a simulation model to investi- 
gate the relationship between corn production and distribution.food production, 
corn The simulation is not intended to model everything the Hopi do. Instead, it 
simulates highly variable production based on Hopi data and thus facilitates the 
investigation of the relationships among certain variables. The simulation is con- 
structed in two parts. The first models corn production and consumption at the 
household level. The second considers the consequences of different strategies of 
interhousehold sharing. 

For purposes of the simulation, all households have the same composition, 
production capability, and nutritional needs. Each comprises an elderly couple, 
a middle-aged couple, 2 seven- to ten-year-old children, and a four- to six-year-old 
child, and needs 5,584,500 kcal.!2] annually. Corn provides 71 percent of the caloric 
needs, so each household needs 1017 kg. of corn annually.!3! 

Each household farms 3.15 ha. of corn, divided among three fields. Two of 
these fields are akchin, the third is a randomly selected different type (i.e., terrace, 


(21Based on recommended daily dietary allowances of the Food and Nutrition Board, National 
Academy of Sciences, National Research Council. 


(3!In her simulation involving Rio Grande Pueblos, Spielmann (1982) estimated that 75 percent of 
caloric needs were met by corn; Wetterstrom (1976) used estimates of 71.1 to 71.5 in her study of 
Arroyo Hondo Pueblo. Corn provides approximately 3.9 kcal. per gram (Wetterstrom 1976:255). 
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trinchera, arroyo bottom, or dune seepage). The simulation begins by randomly 
assigning each household a set of three fields. If the third field is irrigation-based, 
this field comprises only 10 percent (0.32 ha.) of the household’s land, since land 
around arroyos is limited. If the third field utilizes dune seepage, it comprises 20 
percent (0.63 ha.) of the land. No inequalities are built into the simulation, but the 
different fields are advantageous under different conditions. 

For each year the simulation determines the yield of each field and the total 
yield for each household. The calculation is based upon yields expected under aver- 
age growing season length and summer rainfall conditions (500 kg./ha. for akchin 
fields, 425 kg. /ha. for dune seepage fields, and 667 kg./ha. for other irrigated fields). 
Deviations from these expected yields are then computed based on three sets of fac- 
tors: (1) variation in the annual weather conditions; (2) microtopographic variation 
in the conditions experienced by each field; and (3) damage to the fields by severe 
storms and insects. The first set of deviations is based on real weather data, the 
second and third are modeled with computer-generated probabilities. 

The effect of annual weather is calculated with respect to the July-August 
rainfall and the length of the growing season, using data from the Keams Canyon 
and Jeddito weather stations (Sellers and Hill 1974; U.S. Department of Commerce 
1932-1972). These weather data are considered not as raw figures but as percentages 
of the mean at each station. This practice emphasizes the effect of variation and 
reduces the effect of different microtopographic conditions at the weather stations 
and fields. 

Variation in the conditions experienced by each field are then modeled in terms 
of probabilities that a given field experiences the annual weather conditions or some 
deviation caused by microtopographic variation. For example, an akchin field has a 
70 percent probability of receiving the annual input of available water, a 5 percent 
probability of receiving the annual input plus 30 percent, a 5 percent probability of 
receiving the annual input minus 30 percent, a 10 percent probability of receiving 
the annual input plus 20 percent, and 10 percent probability of receiving the annual 
input minus 20 percent. Terrace fields, watered by large arroyos, have a greater 
chance of receiving more water. 

Given the conditions experienced by each field, the simulation calculates the 
baseline yield for the field, using figures developed by Wetterstrom (1976: Tables 
40&66). For example, if the water available to a field is 111 or more percent of the 
average, the corn yield is 111 percent of the average; if the growing season length is 
50 to 75 percent of the average the yield is 67 percent of the average. Under these 
conditions, a 1-ha. akchin field would yield 370 kg. of corn. 

Once these baseline yields are calculated, the simulation models damage to 
the yield due to floods, hailstorms, and grasshoppers. The different field types 
are differentially susceptible to flooding; all are equally susceptible to hail and 
grasshoppers. If a field is damaged by one of these factors, its baseline yield is 
reduced by a certain percentage; in some cases the yield is reduced to nothing. 
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TABLE 1 Sample of yield output generated by simulation, showing corn 
produced by Households 1-5 in years 1932-1937. These data are used 
in the simulation of the different sharing strategies (Tables 2—4). 


year HH1 HH2 HH3 HH4 HHS 
1932 1226 1286 1714 1140 1262 
RAW 1933 768 920 1099 1004 981 
YIELDS 1934 788 709 483 821 394 
KG. 1935 965 906 709 471 965 
CORN 1936 512 608 118 699 1139 
1937 1588 568 1278 1556 710 


The simulation of production was run for 2 20-year periods, using weather data 
from 1932-1951 and 1952-1972 (excluding 1955). One hundred households were 
simulated during each period. The output consists of the annual summed yields of 
each household’s fields. A sample of five households is shown in Table 1. 


SHARING AND DISTRIBUTION STRATEGIES 


The data on the annual yield per household are used to examine different strate- 
gies of sharing and distribution, specifically strategies of household independence, 
pooling, and restricted sharing. All three strategies involve the same consumption 
requirements and storage, but they differ in terms of interhousehold sharing. In- 
dependence involves no sharing; restricted sharing involves sharing only household 
surplus; and pooling involves complete sharing. 

Consumption is modeled in terms of households’ annual caloric needs, which 
include 1017 kg. of corn. If a household does not get the requisite 1017 kg., it does 
not necessarily starve, but it will be unable to meet its ritual and social needs and 
therefore can be said to fail socially. One poor year can be tolerated, but a household 
that repeatedly has poor years will be a strain on the social system and will face 
nutritional problems. Therefore, for these runs of the simulation, a household can 
survive up to two years in a row in which it cannot meet its needs. However, if a 
household does not meet its needs three years in a row, it fails to survive in the 
simulation. 

Storage, whether on a household or group level, is part of all three distribution 
strategies. Perfect storage, with no loss or waste, is assumed in the simulation. 
Based on test runs with average weather conditions, each household begins the 
simulation with 266 kg. of corn in storage. 


Variability in Food Production. . .and the Pithouse-to-Pueblo Transition 231 


Independent households survive or fail on their own, depending only on the 
yields of their three fields and their private storage. Each year the yield of a house- 
hold’s fields is added to whatever it has in storage and the total is compared to the 
needed 1017 kg. If the total is greater than 1017, the household consumes 1017 kg. 
and the surplus is put into storage. If the total is less than 1017 the household con- 
sumes all it has, begins the next year with nothing in storage, and the simulation 
assigns it one demerit. If the household succeeds in meeting its needs within the 
next two years, the demerit is dropped. If it has three years in a row in which it 
fails to meet its needs (and thus accumulates three demerits), it fails to survive in 
the simulation. 

Data from five households are shown in Table 2. Household 1’s fields yield 
1226 kg. of corn in 1932, so with the 266 kg. it has in storage it has a total of 
1492 kg. available. It consumes 1017 and the remainder (475 kg.) goes into storage. 
Its yield in 1933 is only 768 kg., but with its storage it still has enough (1243 kg.) 
and puts 226 kg. in storage. In 1933 its yield is again low (788 kg.), and even with 
the storage it has only 1014 kg. available, less than the needed 1017 kg. It consumes 
all its corn, receives one demerit, and begins the next year with nothing in storage. 
In the following two years Household 1 also fails to produce the requisite 1017 kg. 
It thus accumulates three demerits and fails to survive in the simulation. 

The simulation was run with 100 independent households over the 2 20-year 
periods. Fewer than half (45 and 46 percent) of the households survived over the 
20-year periods. This low survival rate is not unexpected, given the emphasis on 
sharing and interdependence among the Hopi and other food producers. 

Pooling involves a high degree of interdependence among households. The 
households in a group pool all their stores and yields, and their needs are assessed 
on a group basis. Only groups of five households are considered here; the effect of 
different group sizes was examined in Hegmon (1991). The simulation of the groups 
is similar to that of independent households multiplied by five (the same yield data 
[Table 1] are used). 

Data for five households in one group are shown in Table 3. In 1932 the total 
yield of the five sets of fields in addition to the beginning stores (266 kg. /household 
{hh.]) is 7955 kg. corn, so each household has 1591 available. Each consumes 1017 kg. 
and the remainder (a total of 2870 kg.) is put in storage. Sufficient corn is available 
in 1932, 1933, and 1934, but there are shortfalls in 1935 and 1936. Thus the group 
begins 1937 with two demerits and nothing in storage. However, the total yield for 
1937 is 5700, which is enough to meet the 1017 kg./hh. need. Thus, the demerits 
are eliminated and the group begins 1938 with a small surplus (615 kg. total). 

The simulation was run with 100 households (20 groups) over the 2 20-year pe- 
riods. Pooling increases the survival rate over independence; 11 of the 20 survived 
the first run and 18 of the 20 survived the second, for an average survival rate of 
72 percent. Thus pooling is more successful than independence in the simulation, 
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TABLE 2 Results of household independence, showing corn available to simu- 
lated Households 1-5 in years 1932-1937. Figures are for corn available before ` 
consumption, and include annual yield (Table 1) and any corn in storage. 


year HH1 HH2 HH3 HH4 HH5 
CORN 1932 1492 1552 1980 1406 1528 
AVAIL. 1933 1243 1455 2062 1393 1492 
TO 1934 1014! 1147 1528 1197 869! 
HOUSE- 1935 9652? 1036 1220 651! 9652 
HOLDS 1936 5123 627! 321! 699? 1139 

1937 -04 5682 1278 1556 832! 


a ee re i a ee EL 
! Demerit, household failed to meet consumption needs 
(1017 kg./hh./year). 


2 Two demerits. 
3 Three demerits. 
4 Household accumulated three demerits and was dropped from simulation. 


TABLE 3 Results of pooling, showing corn available to simulated Households 
1-5 in years 1932—1937. Figures are for corn available after sharing but before 
consumption. Calculations based on yield data shown in Table 1. 


year HH1 HH2 HH3 HH4 HHS 
CORN 1932 1591 1591 1591 1591 1591 
AVAIL. 1933 1529 1529 1529 1529 1529 
TO 1934 1151 1151 1151 1151 1151 
HOUSE- 1935 938! 938} 938! 938} 9381 
HOLDS 1936 616? 6162 616? 616? 6162 

1937 1140 1140 1140 1140 1140 


í Ea Le ee ae 
1 Demerit, household failed to meet consumption needs 
(1017 kg./hh./year). 


2 Two demerits. 
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TABLE 4 Results of restricted sharing, showing corn available to simulated 
Households 1-5 in years 1932-1937. Figures are for corn available after 
sharing but before consumption. Calculations based on yield data shown 


in Table 1. 

De 6 TN R 
year HH1 HH2 HH3 HH4 HH5 

CORN 1932 1492 1552 1980 1406 1528 

AVAIL. 1933 1243 1455 2062 1393 1492 

TO 1934 1017 1096 1477 1146 1017 

HOUSE- 1935 1006 1017 1017 641 1006 

HOLDS 1936 543 639 149 730 1017 
1937 1335 1017 1025 1303 1017 


though a survival rate of fewer than three out of four is still somewhat marginal. 
Detailed examination of the annual data suggests that with pooling, one household 
that does poorly can pull down an entire group. 

Restricted Sharing is intermediate between independence and pooling. With 
restricted sharing, households share in groups of five, but they do not pool every- 
thing. A household first meets its own needs, and only if it has more than enough 
does it share with other members of the group. Any surplus remaining after sharing 
goes into the household’s private storage. The household, not the group, is the unit 
of survival. The same yield data as were used for the other strategies are used in 
the simulation of restricted sharing. 

Data for the sample of five households with restricted sharing are shown in 
Table 4. In 1932 and 1933 all the households have enough corn so there is no 
sharing (the results are the same as with independence). In 1934 Households 1 and 
5 have shortfalls while Households 2, 3, and 4 again have surpluses. Households 2, 
3 and 4 each consume the needed 1017 kg. and give Households 1 and 5 enough 
to meet their needs. The remainder goes into the stores of the households that 
produced the surplus. In these six years, no household experiences a year in which 
it does not get the necessary 1017 kg. of corn. 

The simulation of households with restricted sharing in groups of five was run 
with 100 households for both 20-year periods. All survived the first period, and 84 
of the 100 survived the second, for an average survival rate of 92 percent. Thus 
overall it appears that restricted sharing is the most successful of the simulated 
strategies, though pooling was slightly more advantageous in the second period. 
Figure 1 compares the strategies graphically. 
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FIGURE 1 Bar chart showing household survival rate for the three sharing strategies 
in the two time periods. 


These results are interesting, though not all that surprising. They suggest that 
the strategy of restricted sharing, which most closely approximates that used by 
the Hopi and other small-scale food producers, is the most advantageous. In other 
words, these data show that what these people have done for a long time makes 
sense. Given the kinds of yields expected in a highly variable environment like that 
in the Southwest, some sharing is advantageous, but too much sharing can be a 
detriment. Below I explore why this might be so, by considering variation in yields 
and consumption. 


VARIATION 


The relative success of the three strategies of distribution may be related to their 
effects on variation in household yields. Some scholars (e.g., Roumasset 1976:16; 
Wharton 1971:60; Winterhalder 1986a; see also discussion above) have argued that 


Variability in Food Production. . .and the Pithouse-to-Pueblo Transition 235 


a low degree of variation should decrease risk and thus increase the survival rate. 
The relationship between variation and failure in the simulation is examined first 
by considering the mean variation (i.e., the variance), and second by considering 
the pattern of variation in the different time periods. 

The coefficient of variation is used to examine the relationship between the 
variance and risk (i.e., the chance of failure). Coefficients of variation were calculated 
for the annual yields of the 100 households and for the amount of corn available to 
each household each year in the three strategies (after sharing and distribution but 
before consumption). The mean coefficient of variation for each category for each 
20-year period is shown in Table 5. 

All three strategies lower the variation inherent in the raw yields, since all 
involve storage and/or exchange. Of the three strategies, pooling results in the least 
variation, while independence and restricted sharing have similar and slightly higher 
coefficients of variation. Clearly, in this case, low variance does not translate into 
greater success or a higher survival rate. This conclusion parallels recent findings 
in optimal foraging theory (e.g., Real and Caraco 1986; Smith 1988; Stephens and 
Charnov 1982; Winterhalder 1986b) as well as work by Kohler and Van West (this 
volume). A lower variance, achieved by sharing or other means, is not necessarily 
advantageous; other factors are also relevant. Kohler and Van West argue that 
cooperation such as food sharing will be most valuable in circumstances of high 
production coupled with high temporal and spatial variability. Such cooperation 
will be much less advantageous if productivity is low. 


TABLE 5 Average coefficient of variation for the raw 
yields and for the corn available to each household with 
the three strategies of distribution for the 2 20-year pe- 


riods. 
aa aaa SN 
Strategy Period Coefficient of Variation 
Raw 1932-51 .504 
Yields 1952-72 .493 
Independence 1932-51 .369 
1952-72 .373 
Pooling 1932-51 .321 
1952-72 .296 
Restricted 1932-51 .380 


Sharing 1952-72 309 
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Measures of variance (i.e., mean deviation from the mean) are useful, but they 
clearly do not tell the whole story. To consider the effect of variation further, pat- 
terns of variation in yields for the 2 20-year periods were considered (Figure 2). 
The three strategies were differentially successful in these periods (Figure 1). In- 
dependence was nearly equally unsatisfactory in both periods (45 and 46 percent 
survival rates). Pooling was fairly unsatisfactory during the first period (55 percent 
survival) but successful (90 percent survival) during the second period. Restricted 
sharing was satisfactory in both (100 and 84 percent survival), though it was most 
successful in the first. 

The successes and failures can be related to the different patterns of variation 
present in the two periods. While the average yields and coefficients of variation 
are roughly similar for the two periods, good and bad years are distributed very 
differently. In the first period there are four years in a row (1933-36) in which the 
average yield is less than the requisite 1017 kg., though the average yield is never 
below 1017 for more than two years in a row in the second period. These results 
suggest that the key to survival is surviving bad periods; and restricted sharing— 
with its combination of private storage and restricted sharing—clearly offers the 
best prospects for weathering such bad periods. 
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THE PITHOUSE-TO-PUEBLO TRANSITION 


These simulation results are relevant to understanding what seems to have been 
a fundamental change across most of the prehistoric northern Southwest, that is, 
the pithouse-to-pueblo transition. Very generally, this transition involved a change 
in residential architecture from pithouses to a combination of pit structures and 
above-ground pueblos. In much of the northern southwest this change occurred 
in the eighth and early ninth centuries A.D., that is, between Basketmaker III and 
Pueblo I in the Pecos Classification, or what Cordell and Gumerman (1989) call the 
Expansion period. However, in some areas (e.g., parts of the Kayenta region and 
the Gallina district [Cordell and Plog 1979; Hobler 1974]) pithouses lasted until 
much later. In many cases, the development of pueblo architecture also appears 
to be associated with decreases in residential mobility and/or the beginnings of 
year-round sedentism. 

The focus here is on understanding one aspect of the architectural change, 
specifically, the organization of storage. At many pithouse sites, the primary storage 
facilities appear to be above-ground cists, granaries, or other structures that are not 
attached to the pithouses, though pithouse antechambers could also have been used 
for storage. Such unattached storage facilities are present at large Basketmaker III 
sites such as Shabik’eschee (Wills 1992; Wills and Windes 1989) and Broken Flute 
Cave (Hays 1991; Morris 1980), as well as on numerous (and more typical) small 
sites such as the Tres Bobos Hamlet (5MT4545) near Dolores, Colorado (Brisbin 
and Varien 1986; see Figure 3) and sites near Allantown, Arizona (Roberts 1939). 
The placement of these storage facilities in what appear to be communal areas 
(at least on the large sites) suggests that the storage was relatively communal and 
might have been associated with a pooling strategy (Wills 1992; Wills and Windes 
1989). 

In contrast, pueblo sites often comprise double rows of rooms, with smaller 
storage rooms in the rear and larger habitation rooms in the front (Dean 1969; 
Hill 1970; Kane 1986; Lightfoot and Etzkorn 1993; see Figure 4). In the Mesa 
Verde region, early pueblo storage and habitation rooms are almost always attached, 
while in other areas (such as the Kayenta region) storage and habitation rooms are 
attached only on the larger sites (e.g., D:11:2030 on Black Mesa [Green et al. 1985]), 
but are separate on smaller sites (see Hegmon 1994). The attachment of habitation 
and storage rooms suggests that storage was private or restricted to some extent. 
It is likely that on a small site most people would know the contents of most store 
rooms (Gilman 1987:556). Furthermore, Lightfoot (1992: 242) suggests that the 
storage rooms within a suite of rooms (including two or three habitation rooms) 
associated with a single pit structure might have been interconnected. Clearly, 
pueblo store rooms were not private vaults. However, the attachment of the store 
rooms to one or a few habitation rooms suggests that not all residents of a site had 
equal access to all the stores. 
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FIGURE 3 Plan of the Tres 
2e PEA Bobos Hamlet (5MT4545), 
an ene showing a single pit structure 
D and scattered small storage 
i O pitaciuctire structures (after Brisbin and 
Varien 1986:Figure 3.11). 


Not surprisingly, there are some deviations from these patterns. At the SU Site, 
a pithouse village in the Mogollon highlands, multiple storage pits in the large pit- 
houses suggest that storage was mostly private (Wills 1991). At some small pueblo 
sites (e.g., D:11:2025 on Black Mesa [Stone 1984], see Hegmon [1994]) the store 
rooms are not attached to the habitation rooms; thus the stores would have been 
relatively public. These examples make clear that the pithouse-to-pueblo transition 
was not the same in all times and places. However, the focus here is on the transi- 
tion from more public to more private storage, whether it coincides with, precedes, 
or follows the development of above-ground architecture. 

A great deal of research has been devoted to understanding and explaining the 
pithouse-to-pueblo transition and similar processes in other parts of the world (e.g., 
Flannery 1972; Gillespie 1976; Gilman 1987; Lipe and Breternitz 1980; McGuire and 
Schiffer 1983; F. Plog 1974; S. Plog 1990; Roberts 1939; Steward 1937; Whalen 1981; 
Wilshusen 1988). Much of this research offers multicausal explanations, often tied up 
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FIGURE 4 Plian of the 
Duckfoot Site (5MT3868), 
showing a double row of rooms 
with habitation rooms in front 
and storage rooms in rear 
(data: Lightfoot and Etzkorn 
1993). 
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with complex social processes such as integration and differentiation. The need for 
a greater volume of storage space, more secure storage, and greater differentiation 
of stores is a part of many of these arguments. Others (e.g., Ingold 1983, 1986, 1988; 
Kelly 1991; Soffer 1989; Testart 1982; Young 1992) have related storage practices 
to subsistence and settlement strategies as well as social organization. 

My goal here is to weave these various threads of argument and evidence to- 
gether with the simulation results to contribute to an understanding of prehistoric 
economic strategies. How can we understand the change in storage strategies from 
somewhat public to mostly private? The simulation results, specifically the success 
of the restricted sharing strategy, strongly suggest that private storage would be 
advantageous to food producers in the variable environment of the Southwest. 

This conclusion can be interpreted from various theoretical perspectives. From 
a processual viewpoint, the development of private storage as part of pueblo archi- 
tecture can be seen as a successful adaptation for the prehistoric horticulturalists. 
In some cases, this adaptation may be associated with population increase and 
an intensification of food production, though evidence suggests that dependence 
on corn changed very little between the Basketmaker and Pueblo periods (Decker 
and Tieszen 1989; Matson and Chisholm 1991; Minnis 1989; see discussion above). 
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Across much of the Colorado Plateau, the new adaptation can also be seen as a re- 
sponse to an increase in high-frequency environmental variability beginning around 
A.D. 750 (Dean 1995; Dean et al. 1985). 

The éoncept of the mode of production provides a different kind of understand- 
ing that removes focus from subsistence strategies per se. Specifically, the change 
from public to private storage can be interpreted as a transformation in the mode 
of production, that is, as a fundamental change in the social order. Why would such 
a transformation come about? In Marxist terms, a transformation of the mode of 
production is brought about as a result of tensions between the forces of production 
and the relations of production. In terms of the prehistoric Southwest, this means 
the development of private storage can be seen as a result of the incompatibility of 
reliance on food production and the public storage and pooling of resources. 

At least two lines of evidence indicate that such tension was present and grow- 
ing during late pithouse occupations. First, there are some suggestions of conflict 
during Basketmaker III times, including stockaded sites (e.g., Payne and Gilliland in 
southwestern Colorado [Rohn 1974, 1975]; possibly sites in the Gobernador District 
in northern New Mexico [Hall 1944]); and injuries on skeletons (e.g., at Broken Flute 
Cave [Morris 1980]). Second, the incompatibility of food production and pooling 
with communal storage may have been exacerbated by the increase in environmen- 
tal variability that began around A.D.750. 

Finally, a selectionist argument (e.g., Dunnell 1980; Leonard and Abbott 1992) 
provides yet another perspective. Selection, whether natural or cultural, must act on 
variation, and Basketmaker III occupations provide much evidence of such variation. 
Although the bulk of the storage at pithouse villages was apparently in exterior cists 
and rooms, there were storage areas (including pits, antechambers, and areas behind 
wing walls) in individual pithouses. If restricted sharing became more advantageous, 
these mechanisms for private storage would have been selected, leading in part to 
the development of pueblo architecture. 


CONCLUSIONS 


The simulation model developed in this research provides a means of considering 
the advantages and disadvantages of various modes of production. The primary con- 
clusion of this research is that a system of restricted sharing, in which households 
maintain their own stores and share only their surpluses, is far more beneficial than 
either a system with no sharing or a system in which all resources are pooled. Re- 
stricted sharing does not minimize variance, but by including both private storage 
and some sharing, it increases the chances that a household will survive a pro- 
longed bad period. Thus restricted sharing is particularly advantageous in highly 
variable environments. Furthermore, restricted sharing is probably a good strategy 
for coping with the variability inherent in most food-production strategies. 
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Scholars of sedentary food-producing societies have long noted that social rela- 
tions among food producers tend to involve some social differences and boundaries, 
and they have explained these inequalities by considering everything from land 
tenure systems, to intergenerational dependencies, to complex planning for delayed 
returns (e.g., Ingold 1983; Meillassoux 1972, 1973; Woodburn 1982). This research 
suggests another reason for this social differentiation. That is, social boundaries help 
to limit sharing and thus promote an advantageous distribution of yields among 
food producers. 

These conclusions have implications for issues of social differences and inequal- 
ity, as they have been debated recently with data from the prehistoric Southwest 
(e.g., Cordell et al. 1987; Reid et al. 1989). The simulation assumed a minimum of 
inequalities. Simulated households did better or worse than other households only 
because of differences in computer-generated probabilities. And even with such min- 
imal inequalities, too much interdependence was a disadvantage. In real life, with 
lazy or unskilled people and poor patches of land, the disadvantages of too much in- 
terdependence would be exacerbated. Thus these results, as well as other arguments 
(cited above) regarding food production, lead to the rather unappealing conclusion 
that inequality is a beneficial strategy, at least for food producers. Furthermore, 
such inequality is not advantageous only to those on top of the hierarchy. Instead, 
inequality can be beneficial (i.e., the most successful strategy) for most members of 
a society. Thus inequality might emerge out of a general consensus, and need not 
be a result of elite control or surplus production. 
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Models and Frameworks for 
Archaeological Analysis of Resource Stress 
in the American Southwest 


The workshop Resource Stress, Economic Uncertainty, and Human Response 
in the Prehistoric Southwest, focused on a general topic of long-term interest. The 
organizers of the workshop deliberately sought younger scholars who are currently 
directing field projects and who are using or developing innovative methods of anal- 
ysis in their work. The organizers hoped that the assembled group would bring fresh 
ideas for future research directions. That goal was indeed accomplished. Although 
there was no conscious attempt to represent all, or even most, of the theoretical 
positions currently espoused by archaeologists (see Cordell 1994), there was also no 
intention to admit only one or a few points of view. 

Two elements of the workshop, the innovative nature of the research that was 
shared and the variety in perspectives represented, were perceived as congenial to 
the interests of the Santa Fe Institute which is an institution devoted to the study 
of many kinds of complex adaptive systems, including human cultures (Gell-Mann 
1991). The scope and direction of the Santa Fe Institute, have been described by 
others who are both better informed about its activities and more articulate than 
I (e.g., Gell-Mann 1991; Lewin 1992). Nevertheless, there are additional points on 
which this workshop and the institute are in accord. The workshop participants 
made use of the rich and detailed paleoenvironmental and archaeological records 
available for the Southwest, an endeavor that has been of interest to the Santa Fe 
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Institute since about 1990, when it co-hosted an advanced seminar on cultural evo- 
lution in the Southwest jointly with the School of American Research (Gumerman 
1994). Further, some of the models developed by the workshop participants would 
be amenable to some of the kinds of computer modeling that is currently a great 
strength of SFI. These observations are clarified below in the context of reviewing 
the workshop’s accomplishments. 

The workshop organizers selected the topic Resource Stress, Economic Uncer- 
tainty, and Human Responses in the Prehistoric Southwest. On the first day of 
the workshop George Gumerman and Murray Gell-Mann expanded on the topic, 
expressing an interest in looking at resource depletion, particularly anthropogenic 
resource depletion. They suggested that the data of Southwest archaeology might 
allow an unusual and uniquely valuable long-term view of the relationship between 
resource depletion and cultural stability and change. Given the breadth of this 
working title, participants might have done a great variety of things. It is interest- 
ing to reflect on what was not done and what was done to see what themes emerged 
during the week. The themes, in turn, suggest both an organization for the current 
volume as well as direction that future research may take. 

Given the title of the workshop and the focus on resource stress, there were 
some curious omissions from the discussions, at least from the archaeological point 
of view. For example, little time was spent trying to define stress, or resource 
stress.l!] Most of the papers, especially those by Kohler and Van West, Minnis, 
and Nelson, present working definitions of stress, but other papers do not. The 
oversight is somewhat perplexing in that within the past dozen years, very large 
research projects such as the Pajarito Plateau Archaeological Project (PARP) were 
devoted to examining stress, responses to stress, and especially ways in which stress 
might be reflected in the archaeological record. Although results of PARP research 
are being reported in the archaeological literature (Orcutt 1991), there was no 
indication at the workshop that measures of stress developed by PARP are among 
those that archaeologists routinely use. 

The kinds of working definitions of stress that are reflected in the papers 
brought together here include decline in crop yields caused by a decrease in precip- 
itation and specific nutritional deficiencies that may have been brought about by 
climatic change or game depletion as a result of overhunting. Rather than devote a 
great deal of time to defining stress, workshop participants did focus attention on 
models of economic risk and uncertainty. Kohler and Van West, and Hegmon define 
risk to refer to variance in (agricultural) production, rather than the probability 
of falling below a certain defined level. On the other hand, Nelson (this volume) 
defines risk, following Winterhalter (1990), as potentially harmful shortfalls result- 
ing from unpredictable or stochastic environmental factors. Nelson’s definition is 
probably more common among the participants, but there was no discussion of how 
different definitions might influence the types of models of human response to risk 
that we develop. 


[H See pp. 15-16. 


Models and Frameworks for Archaeological Analysis of Resource Stress 253 


Another topic that was omitted was the effect of stress on human physiology 
and biological functioning. There was no discussion of instances of apparent nu- 
tritional deprivation or elevated mortality or morbidity reflected in skeletal series. 
In part, this lack reflects the subfield composition of the participants, who are all 
archaeologists rather than biological anthropologists or osteologists. This subfield 
specialization is also reflected in the lack of discussion concerning long-term effects 
of inadequate calories or nutrients on human reproduction, although this is men- 
tioned in the paper by Spielmann and Angstadt-Leto. Another probable reason for 
the neglect of this topic is that there was a general belief that most instances of 
resource stress were accommodated through behavioral modifications before they 
could cause the kinds of biological changes that would be observable on human 
skeletons. 

Most southwestern archaeologists seem to accept the notion that because of the 
region’s aridity and variability in the timing of rainfall, Precolumbian populations 
were always undergoing a moderate amount of stress. Many southwesternists as- 
sume that some level of subsistence stress was endemic and was tolerated. The view 
is that indigenous populations of the region may not have been robustly healthy, 
but they were not dying in unusual numbers for lack of nourishment. 

The somewhat benign view that subsistence stress generally was not lethal to 
large numbers of people, except for children, I suspect, turns archaeological atten- 
tion to the corollary assumption that southwestern populations were tremendously 
flexible and inventive and that they had great funds of knowledge, or what Gunn 
(1994) refers to as breadth of captured experience, concerning ways to counter- 
act various subsistence shortfalls. This view puts southwestern archaeologists in 
the position of looking for those kinds of behaviors that successfully buffered or 
counteracted instances of diminished resource abundance. Concomitantly, there is 
a failure to examine the very real possibility that much of what people may have 
done could have made things worse in the short-term, or have made failure ulti- 
mately certain. 

There is astonishment among many nonanthropologists that southwesternists 
appear not to view the thirteenth-century abandonment of large portions of the 
Southwest as one of history’s most extraordinary examples of social collapse and 
failure. For the anthropologists, the emphasis is on the undeniable historical con- 
tinuity between the Anasazi and Mogollon, and the modern Pueblos. Emphasiz- 
ing continuity entails minimizing events, such as the abandonment, rather than 
portraying them as a failure of the human population to withstand stress. Under- 
standably, there was no discussion of the kinds of cultural strategies that may have 
been implemented by the twelfth- or thirteenth-century populations that could have 
so altered their environment or context that abandonment became essential. It is 
worth noting, in this regard, that there is as yet no consensus among southwestern 
archaeologists about whether or not abandonment of the Four Corners region was 
accompanied by increased mortality. At another recent conference of southwestern 
archaeologists, there was no resolution to the question of whether the size of the 
population in the Southwest in 1200, prior to the abandonment, was greater, the 
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same, or less than at 1500, just before Pueblo contact with Europeans (see Adler 
1995). 

In looking at the many issues that were discussed productively during the work- 
shop, a few themes stand out for crosscutting different approaches. For example, in 
many of the papers, attention is focused on the individual or the household and on 
local situations. The kinds of stress-reducing or risk-reducing behaviors discussed 
involve strategies that are generally implemented at the household level. One im- 
plication of this perspective is that social hierarchies and social complexity (in the 
anthropological sense of ranked or stratified societies) is irrelevant to models of 
decision making in the Precolumbian Southwest. In other words, regional social 
dynamics and hierarchical systems of social contro] are not considered important 
to the kinds of strategies implemented in response to stress. 

This view is fascinating to me for at least two reasons. It reveals that despite 
more than a decade of discussing the Chaco Phenomenon and the possibility of the 
existence of regionally based systems in the fourteenth century, most archaeologists 
are probably not convinced that these had any meaningful impact on local behav- 
iors. Second, this perspective excludes considering the kinds of models developed 
in regions where ancient complex societies certainly existed (such as the Valley of 
Mexico, the Mayan area, or the Near East) that implicate the divergent interests 
of rulers and ruled among reasons for societal collapse and failure. Even Hegmon 
(this volume), who is concerned with the development of social inequality and who 
considers dependence on agriculture as being at its root, presents a model in which 
the household is the basic economic unit. 

Clearly related to the above are the issues of scale that were addressed in 
several papers. Thus paleoclimatic patterns, such as were explored by Jeffrey Dean, 
are detectable only at the supraregional level. These, of course, had highly specific, 
local consequences that provided the context for the behaviors of the groups of 
concern. Similarly, Spielmann and Angstadt-Leto find that trade in meat among 
Eastern Anasazi and Plains groups did not develop until the fifteenth century, 
when the regional population had shifted to the Rio Grande and Plains margins 
area. In this case, change in the distribution of population at the regional scale 
becomes a precondition providing the social context for explaining behavior options 
studied at the scale of the locality. Kohler and Van West also suggest that regional 
population density will modify the utility function they propose for the value of 
resource pooling. Dean’s discussion of local responses to the environment depends 
upon both regional population densities and regional climate patterns. 

Another workshop theme was reciprocal obligations. In this case, the explicit 
anthropological assumption is that the societies under study were egalitarian and 
that economic exchanges were dominated by reciprocity in the technical anthro- 
pological sense (Sahlins 1968).!?] For example, Spielmann and Angstadt-Leto look 


[2] For the nonanthropologist, egalitarian societies are those in which social roles are determined by 
age, sex, and personal qualities only. Among egalitarian societies, the number of status positions 
is equal to the number of individuals capable of filling them. There are no societies in which 
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at the potential of reciprocal exchanges between hunters and horticulturists to 
even out nutritional and caloric imbalances suffered by either group. Rautman ex- 
plores rainfall records on the eastern margins of the Pueblo world for patterns 
of complementarity and therefore mutually beneficial reciprocity among horticul- 
tural. Hegmon addresses exchange from a slightly different perspective. She assumes 
that reciprocal exchanges were required but that if restricted sharing were a more 
successful strategy, then methods of excluding households from participating in 
exchange would have been valuable. 

Along with the general focus on the household, workshop participants did not 
avoid discussion of conscious choices made by individuals in the populations under 
study. Instead, there was concern for trying to determine what perceptions actually 
trigger behavioral responses. Such questions consider whether people activate re- 
sponses when the situation is perceived as being severe or whether they modify their 
behavior because a situation is viewed as being highly unusual. A related question 
is whether perceptions of either severity or novelty call forth different behavioral 
strategies. These are themes addressed in both Minnis’s and Nelson’s papers. Heg- 
mon makes an important contribution to these concerns in her observation that 
scarcity should be felt first, before it actually causes hunger, in the social or ritual 
realm when there is a lack of produce needed for ritual obligations. 

Collectively, the workshop participants did not attempt to sort out those envi- 
ronmental changes that were anthropogenic from those that were not. Yet, partici- 
pants made the point that not all anthropogenic modifications reduce environmen- 
tal productivity. For example, Sullivan develops the argument that some Anasazi 
groups used fire to increase both the abundance and diversity of edible plant foods. 
Minnis and Nelson note that activities that disturb the land surface, such as clear- 
ing land for fields or for building, can also increase the quantity or diversity of 
edible species of plants and animals. 

Population aggregation emerged as another workshop theme. As has long been 
noted for those localities that were abandoned, aggregation, if it occurs at all, takes 
place immediately before abandonment. In some research such as in the PARP study 
area, aggregation is considered a response to stress (Hill and Trierweiler 1986; Or- 
cutt 1991). Aggregation may facilitate some group endeavors such as cooperative 
hunting, as Spielmann and Angstadt-Leto and others at the workshop noted. Ag- 
gregation may also facilitate resource pooling, an observation that is the starting 
point for the model developed by Kohler and Van West. 

Finally, although not precisely a theme, most of the papers and discussion 
during the workshop were informed by the tremendously rich ethnographic record 


everyone is equal. Among egalitarian societies, exchange of goods is generally reciprocal. General 
reciprocity describes exchange that we are familiar with within the household. That is, material is 
given with no expectation of an equal return. In balanced reciprocity, goods of equivalent value are 
exchanged either immediately or at established intervals. Sahlins also defined negative reciprocity 
as cheating or theft. Among socially stratified groups, redistribution and market exchanges are 
added to the inventory of exchange types. 
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of the Southwest. The approaches explored by Minnis, Nelson, and Hegmon, for 
example, would seem to be virtually impossible in the many parts of the world 
where similarly detailed ethnographic literature is lacking. That the modeling efforts 
developed by Kohler and Van West, Nelson, and Hegmon are as convincing and 
robust as they are can also be related, in part, to the quality of the ethnographic 
record. 

In looking at all the themes mentioned, the advantages of the Southwest as a 
laboratory are readily apparent. The remarkably long and precise record of paleocli- 
mate and environment is matched by incomparable detail of ethnographic recording. 
The kinds of questions southwestern archaeologists ask routinely and the high level 
of resolution they expect of their data would make grown practitioners working 
in other parts of the world weep with jealousy. As I think these papers show, the 
kinds of models developed for the Southwest are detailed and sophisticated. They 
encourage evaluation of general ideas from anthropology and other sciences. 

The papers delivered and discussed during the workshop may be divided into 
two broad categories that are here termed “Dynamic Models” and “Frameworks.” 
Generally, dynamic models include mechanical or computer simulations, or math- 
ematical models. Dynamic models are presented in the papers by Kohler and Van 
West, Hegmon, and Rautman. These papers present models in that they are con- 
cerned with abstracting a few qualities or dimensions of the information available 
and proposing ways in which they are related. The models are dynamic in that they 
concern processes that occur over time and portray changes over time as important 
elements of their design. The models are general in that they depend on basic ideas 
about the way certain kinds of cultural behaviors are thought to work and apply 
these ideas to specific situations, which, in turn, allows partial evaluation of the 
ideas in question. 

The model that Kohler and Van West develop derives from the microeconomic 
theory of utility functions. This model is also considered valuable in evolutionary 
ecology. Kohler and Van West regard risk as year-to-year variability in crop pro- 
duction that is a result of climatic fluctuation. They note that in several verbal, 
nonmathematical descriptions in Southwest archaeology, a common response to this 
kind of risk is thought to be the pooling or sharing of resources among households. 
Kohler and Van West argue that whether or not the Anasazi selected this strategy 
would depend upon whether or not the gain from pooling was perceived as greater 
or less than that from not sharing. The perception, they suggest, is in turn based 
on a utility function of sigmoidal form. 

That such a model might be tested using archaeological information is remark- 
able and, again, a tribute to the quality of the data with which southwesternists 
work. Kohler and Van West can and do model crop production under retrodicted cli- 
matic conditions over a series of years for a particular area. The surrogate measure 
they use for food sharing is population aggregation, which they measure archaeo- 
logically by looking at the sizes of sites. Sharing resources among households, of 
course, is behavior that has very little visibility archaeologically. In essence, Kohler 
and Van West assume that resource sharing is facilitated when the bulk of the 
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population is living in large settlements. Therefore aggregation becomes an archae- 
ological replacement measure for sharing. Being able to date periods of aggregation 
with enough precision to use the crop production data derived from the annual 
tree-ring records of precipitation is again most unusual for archaeology. 

Kohler and Van West note that the assumptions they made must be closely 
scrutinized, and there are questions that can be raised regarding the model. For 
example, does the presence of aggregated sites really indicate resource pooling or 
do households within such settlements remain economically independent? Kohler 
and Van West also incorporate information about regional population packing, 
suggesting that extra-local population density has the effect of changing the shape 
of the utility curve. Although it is clear that the utility function of concern is not 
linear, another question that can be raised is whether there are corroborative data 
that indicate that the curve is sigmoidal. What would be the predictions given 
utility functions of different shapes? Despite these questions, it is exciting from the 
perspective of more general theory that a model derived from microeconomics is 
relevant to evolutionary ecology, and as useful as it is in predicting such diverse 
activities as the feeding strategies of juncos and the choices in resource sharing 
made by ancient Puebloan farmers. 

Hegmon also examines agricultural risk in terms of climatic variation, and like 
Kohler and Van West her unit of analysis is the household. She also uses computer 
simulation as a modeling tool. Whereas Kohler and Van West consider the behav- 
ioral options to be pooling vs. nonpooling of resources among households, Hegmon’s 
model introduces the further choice of restricted sharing, defined as sharing only 
surplus production above the needs of the household. Hegmon’s model also includes 
storage, which of course is considered the particular advantage of agricultural pro- 
duce in the Southwest. 

Hegmon’s results, like those obtained in the studies of optimal foraging strate- 
gies, microeconomics, and Kohler and Van West’s study, indicate that achieving a 
lower variance is not always advantageous. Rather, patterns in the climatic varia- 
tion were more important to the success of a particular strategy. Hegmon’s study 
showed that the strategy that allowed surviving over a series of bad years was the 
most successful, and this proved to be restricted sharing. 

Like Kohler and Van West, Hegmon links her model to pueblo settlement form, 
but her interest is in the change from pithouse to above-ground pueblo architec- 
ture, rather than from dispersed to aggregated pueblo settlements. Hegmon cites 
architectural studies of spatial relationships within pithouse villages and pueblos 
that support interpretations of limited access to storage in pueblos. Her findings, 
as she notes, have implications for understanding other aspects of Pueblo culture, 
such as the implementation of social boundary mechanisms. 

Rautman’s study also develops a dynamic model. Her interest is in exchange 
relationships as strategies for reducing the consequences of crop failure. Rautman 
explores the importance of economic exchanges from one locality to another, and 
the formation of social networks that facilitate these interactions. In terms of the 
diverse strategies that can reduce subsistence stress, maintaining extra-local social 
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networks is, energetically, a relatively expensive solution (see Minnis, this volume). 
The kinds of networks Rautman describes are derived primarily from the litera- 
ture of hunter-gatherers or groups practicing a minimal amount. of horticulture. 
Although for purposes of her model that literature is appropriate, the kinds of in- 
teractions she describes are, if anything, even more important among people with 
greater investments in farming. Population densities among hunters and gatherers 
are much lower than among farmers. Extra-local social ties among hunters and gath- 
erers often facilitate movement of individuals or households rather than formalized 
exchanges of economic goods. The horticultural Enga, whom Minnis discusses, are 
an excellent case of the use of social ties to facilitate both migrations and exchange. 

Rautman’s model is concerned with predicting the shape of the social network 
of interaction. She expects that social ties will unite groups occupying areas that are 
unlikely to be experiencing stress at the same time. Using the Kite site, which she 
excavated, as the point of reference, and modern climate records, she proposes that 
residents of the site would form exchange relationships with areas that are close 
by and also regularly experience different climatic conditions. Stated in simplified 
form, at times when the residents of the Kite site were in the midst of a drought, 
ties would be expected to be maintained with the closest group that at those times 
normally experienced better than average precipitation. Rautman evaluates the 
success of her model by using ceramic style as a measure of interaction. Those 
localities that do complement one another in terms of climate should exhibit more 
similarities in ceramic assemblages than they do with areas that experience the 
same climate at the same time. She finds that for her study area in central eastern 
New Mexico, this is the case. 

Rautman suggests that her model is most useful in helping archaeologists ex- 
plain the inclusion of specific sites or localities in networks defined on the basis 
of stylistic similarities. In fact, for many locations on the Colorado Plateaus, the 
paleoclimatic record based on tree rings would allow predicting when and where 
such networks might develop. It would then be possible to examine changes in such 
networks over time. 

There are interesting features that unite all of the studies that present dynamic 
models. In all of them, the household is the basic unit of analysis. Choices are made 
at the level of the household based on internal assessments and information from the 
broader natural and social environments. In terms of the kinds of computer models 
developed at the Santa Fe Institute, the focus on households suggests that agant- 
based computer simulations of these systems might be appropriate. As indicted 
above, all of the models make excellent use of the climatic, and where available, 
paleoclimatic records, but in none of them are decisions made mechanically or 
exclusively by reference to climate or the environment. Quite properly, all of the 
models are derived from general anthropological, economic, or ecological-theoretical 
writing. The intent in each case is to evaluate propositions derived from these 
sources. Again, in my view, this is an appropriate research strategy. 

Another set of workshop papers develops frameworks. These are the papers 
by Minnis, Spielmann and Angstadt-Leto, Nelson, Sullivan, and Dean. Frameworks 
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are systematically organized conceptual tools that direct attention to new ways of 
arranging information. In the physical and biological sciences, frameworks are well 
established, although they may be modified as a consequence of new developments 
in theory. The Linnean system of taxonomy in biology, and the periodic table of 
elements in chemistry, are classic examples of frameworks. The use of conceptual 
tools such as clades, or the organization of elements with reference to their mass, 
provided new frameworks that have become useful through the introduction of new 
theory and novel forms of analysis. Archaeology is young enough as a science so that 
frameworks are not well established, and their development can be an important 
contribution to further intellectual growth of the field. 

Frameworks should assist us in making new or greatly refined observations and 
more accurate models of the world we wish to understand. It is noteworthy that 
looking at resource stress and economic uncertainty is relatively new for archaeology. 
There is no body of established conceptual tools directed toward describing such 
stress or for organizing discussions of responses to it. Given this situation, the 
papers that elaborate frameworks stand as valuable contributions to archaeology 
in general. 

Minnis discusses the kinds of responses individuals and groups make to food 
scarcity. The framework he uses and elaborates on is one that Halstead and O’Shea 
(1989) proposed, which groups responses into four inclusive categories: mobility, 
diversification, physical storage, and exchange. Minnis elaborates subcategories of 
these and adds two new categories of response: resource conservation and economic 
specialization in items that can be exchanged for food. 

As Minnis notes, the usefulness of developing a framework for response cat- 
egories derives from the fact that responses are not used randomly by societies, 
and a number of authors, including himself, have developed typologies that rank 
responses in terms of social and/or energetic costs. Minnis also finds it useful to 
distinguish between what he terms catastrophic and impinging shortages. These 
are identified by differences in their severity, duration of onset, and novelty. Both 
types may lead to culture change but the change may be incremental in the case of 
impinging shortages, and disruptive if the shortage is catastrophic. 

The points Minnis makes in his paper integrate well with models and frame- 
works proposed by other contributors to this volume. For example, resource storage 
and pooling, critical to Kohler and Van West’s model, may be seen in the context 
of other possible solutions to resource shortages. Similarly, the distinction between 
high- and low-frequency environmental processes, as described and elaborated by 
Dean (and see also Dean 1988), can be articulated with Minnis’s distinction between 
impinging and catastrophic shortages. Combining Dean’s and Minnis’s classifica- 
tions could allow retrodicting behavioral responses by Colorado Plateau popula- 
tions that, in turn, might suggest more detailed and refined observations than we 
now make. As one example, we might retrodict times when polyculture would have 
been an expected response to shortages, rather than productive specialization and 
exchange of food items. 
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Sullivan’s contribution is unique in this volume, because it alone focuses primar- 
ily on the anthropogenic environment. Further, Sullivan discusses the likelihood that 
indigenous Southwesterners used fire to enhance the productivity of edible wood- 
land understory plant foods. If verified, this observation introduces an important 
behavioral option that has been ignored by southwestern archaeologists. As Sullivan 
tells us, fire was used by Great Basin, Plateau, and California hunter-gatherers and 
is now understood to have been a major tool of resource management in aboriginal 
Australia, Europe, and Southwest Asia. We certainly need to know whether or not, 
and probably within what environmental limits, fire might have been used in the 
Southwest. It would also be useful to know how using fire in this way would be 
incorporated in the framework provided by Minnis. 

Sullivan points out, accurately I believe, that archaeologists have been remiss 
in fully evaluating the contexts in which food remains (and tools associated with 
food) are recovered. He notes that these contexts are primarily related to food con- 
sumption rather than production. Hence, we underestimate the importance of the 
contexts of food production in general. Although Sullivan’s paper does not develop 
a framework for analytical inquiry, his suggestion that we are potentially missing 
a component of past behavior directs us toward developing such a framework. A 
complete framework to examine economic production would be very useful indeed. 

Spielmann and Angstadt-Leto direct our attention to the nutritional value of 
components of prehistoric diets, in addition to the more usual consideration of 
caloric or protein values. They consider meat shortages that might have occurred 
among sedentary, aggregated villagers, and strategies that could have alleviated the 
associated nutritional deficiencies. The strategies they describe are trade in meat, 
turkey husbandry, and harvest of plants containing nutrients found in meat. These 
strategies are reflected differentially in the archaeological record of the Southwest. 

The framework focus on nutrition is important. It directs us to consider the 
results of resource stress measured by factors other than calories and protein val- 
ues. Second, it requires the further development and more consistent application 
of bioarchaeological analyses currently available. Although not mentioned by Spiel- 
mann and Angstadt-Leto, it appears that archaeological ubiquity and abundance 
measures for plants are not as well developed as they are for faunal remains, and 
it may be difficult to interpret minor amounts of some plants or their absence from 
archaeological contexts. For example, beans are underrepresented archaeologically 
because processes that make them palatable (such as soaking) also encourage their 
decay, and the plant parts that might be preserved, because they are relatively hard, 
are also consumed (Minnis 1985). If pollen rather than macrobotanical remains are 
the focus of examination, the problems can be further complicated by differential 
pollen production or resistance to decay. Extraordinary methods of extraction and 
counting may be necessary (cf. Dean 1992). Nevertheless, Spielmann and Angstadt- 
Leto clearly document the value of pursuing research guided by human nutritional 
requirements, and the measurement problems can be overcome. Having mentioned 
them might inspire some work in that direction. 
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The first part of Jeffrey Dean’s paper is a thoughtful essay on the utility of 
certain concepts used by faculty associated with the Santa Fe Institute to study the 
evolution of complex adaptive systems, his own use of the concept of adaptation, and 
why examining adaptation does not preclude the role of selection. Dean also explores 
the meaning of the terms adaptation and evolution. This part of Dean’s discussion 
reminds us that there are important differences in the way genetic and “cultural” 
information is transmitted and maintained in human populations (cf. Boyd and 
Richerson 1985; Cavalli-Sforza and Feldman 1981). Dean then turns to identifying 
processes in the natural and cultural environments that provide the context for 
behaviors that are subject to selection. These, in turn, provide a framework for 
structuring research. 

Dean explores the complicated interrelationships among patterns in natural 
and cultural environmental variability, human demography, and human behavior 
that can be teased out of the archaeological and paleoenvironmental data from the 
Southwest. Of particular interest is the observation that it is the structure of rela- 
tionships among patterns of variables that is crucial, rather than those among the 
variables themselves. Dean’s case study is the relationship among patterns in the 
environmental, demographic, and behavioral variability over the past 2,000 years 
in the Southwest, enhanced by the long and detailed tree-ring record. Dean reports 
on his most recent research that shows a long-term patterned relationship between 
precipitation records, derived from tree rings, which contrast the northwest and 
southeast portions of the region in general. This stable, long-term pattern breaks 
down for a 200-year interval between A.D. 1250 and 1450, a period southwestern 
archaeologists immediately recognize as corresponding with the abandonment of 
the Four Corners, the development of aggregated settlements, and the major dislo- 
cations of populations across the landscape. A. E. Douglass, founder of the science 
of dendrochronology, published an article in 1929 claiming in its title, “The Secret 
of the Southwest Solved by Talkative Tree-Rings”; should we call Dean’s paper 
“Part II”? Perhaps one day we will. Meanwhile, the opportunity to evaluate Dean’s 
discovery is available, in part, through models of world climate (see Gunn 1994). 
This evaluation promises to create a period of very exciting research. 

There are at least two additional topics raised by Dean that would reward 
additional research efforts. As it stands, Dean’s (1988) model may underestimate 
the potential range of human behavioral responses that may have mitigated the 
effects of climatic perturbations. In addition to increasing storage, such behaviors 
might have included all of the activities Minnis discusses, diverse technologies of 
field selection, planting strategies, construction of water and soil control features, 
and perhaps, following Sullivan, using fire to clear understory plants. Second, while 
the distinction Dean makes between short-term environmental processes and long- 
term environmental processes seems to be very useful, additional research might 
be directed toward refining the cut-off of the suggested 25 years. The use of 25 
years as a surrogate for one human generation is reasonable but may obscure great 
variability that might be patterned in interesting ways. If behavioral responses to 
stress develop and are maintained as part of cultural memory as a product of the 
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temporal depth of capturing experiences of environmental changes, as Gunn (1994) 
suggests, then the length of time over which change is understood should vary 
among peoples inhabiting different environments. This general question is one in 
which there is on-going research by anthropologists and archaeologists working in 
different parts of the world. 

The chapter by Nelson clearly defines risk and the social and economic deci- 
sions that could be implemented with the intention of reducing risk. The framework 
she develops is explicitly concerned with technological strategies that would result 
if specialization and diversification, which are the two most important economic 
strategies of risk reduction, were implemented. Considering that technology, in- 
cluding both knowledge and tools, is frequently at the center of causal models in 
evolutionary anthropology (e.g., White 1949), and that of the three major compo- 
nents of cultural systems (ideological, sociological, and technological), technology 
is the most salient archaeologically, it is remarkable that so little systematic discus- 
sion has been focused on the analysis of technological systems. Nelson’s paper is an 
outstanding, thoughtful movement toward overcoming this lapse. The framework 
she develops is informed by an immense amount of literature and relevant per- 
sonal observations. It is guided by the concept of technological organization, which 
she defines as the relationships among strategies for manufacturing, manipulating, 
and abandoning material items. It is then systematically applied to the general 
strategies related to resource specialization and diversification as they would be 
reflected in the subsistence-related tasks practiced among the prehistoric peoples 
of the Southwest. 

The framework goes far beyond a useful classification. It allows us to appreciate 
the kinds of tradeoffs and compromises that must have been made when behaviors 
were modified or new ones were adopted. It encourages our understanding of the 
complex ramifications of decisions that were made every time a tool or facility was 
made and used. Nelson uses the framework to imagine changes that would have been 
made in hunting technology by Southwestern peoples experiencing subsistence risk, 
and developing either more specialized or diversified hunting strategies. Finally, 
Nelson provides an evaluation of the value of the framework as a conceptual tool by 
examining the design of hunting weaponry in five prehistoric southwestern contexts, 
with results that are both informative and novel. 

It is clear that a great deal of thought and effort went into all of the models and 
frameworks presented at the workshop. Archaeologists working in the Southwest will 
find stimulating thoughts throughout the volume, as will those who are concerned, 
in a more general way, with long-term changes in resources and human responses 
to variability in resources. For these individuals, the quality of the “Southwest 
archaeological laboratory,” as demonstrated by the innovative approaches used by 
the contributors, may suggest new avenues for their own research. 

It is also possible to suggest directions for future research that could reflect 
Santa Fe Institute interests and approaches. As noted above, the dynamic models 
presented here are concerned with decisions made at the individual or household 
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level. This scale provides a baseline and suggests that developing agent-based com- 
puter simulations could be an appropriate phase of investigation. For example, 
such computer models might examine the results of aggregates of communities, on 
model landscapes of various sizes, following the strategies outlined in Kohler and 
Van West’s and Hegmon’s simulations. Another possibility would be to develop 
simulations that consider household-level decisions based on utility functions for 
several resources, such as cultivated crops, game, and wild plant foods. 

The frameworks developed by Minnis, Spielmann and Angstadt-Leto, Sulli- 
van, and Nelson ultimately concern decision making that involves compromises 
and ranking of desirable outcomes. All of them are amenable to modeling through 
a genetic algorithm (Holland 1975; Forrest 1993), and actually doing so should be 
a very rewarding endeavor. A genetic algorithm would track how a system might 
learn and perfect a series of responses to impinging or catastrophic shortages or 
both. Or, a genetic algorithm could learn to make the least-energetically costly so- 
lution to a very realistic scenario of resource variation. Other options are easy to 
imagine, although all of them would be difficult to program. The effort, I suspect, 
would be worth the investment. Dean’s framework was actually suggested in an ear- 
lier publication (Dean 1988), and it has been used and referenced by a number of 
other researchers, including those whose papers are included here (see Cordell and 
Gumerman 1989). The recent work Dean has done on patterns of regional climate 
change are properly incorporated in on-going research and further analysis. 

Finally, the workshop papers as a group reflect a sense of the excitement that 
develops among scholars when they share a sense of problem. This inspiration, cou- 
pled with thorough familiarity with the remarkable data of Southwest archaeology, 
makes for an excellent and useful conference volume. 
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